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FIG.1C

Fold difference in VEGF axprassion after treatment with
DsiRNAs to VEGRas2

% 7 P=0.03
3
&
8 5 F=0.06
g
-
£w 7
SE 2
Qg
£ 1
8
2 5
fﬁ vegRasl_2 vagRasl 3 vegRasl 5
__}3




U.S. Patent Aug. 9,2016 Sheet 3 of 9 US 9,410,155 B2

FIG. 2
(SEQ 1D NO:

56,11 Home saplisus vasculay sundothelial growih
»

OCG GEAGHETOGTEEUACTOGEGRCERGTACCAGUHUTCTETL GURAGBURIAGCE
5T CACCORTCAGEECETTCGERGCTCEART T TGATATTCATIGATCT T

&
TEAARACTETATIGYTTUTCGTTTTAAY “l"’(‘.’\':'l' TTTEUTTGCC
Bedite A’i”i GOTRTACTTCL :C}‘Hjﬁ’“ﬁ, ARCTETCEATTTTGRARACC
CEAGSARAGACACAGALGECTTCACRGAGRGUEL

PP
ATTCCCCALT

ARCAGAAAGRGCAAAGEAGGTA

3

GRATLEEEC

GOEHELLETEUE -Gh&xi.xCGI&RGGGGCAA?‘\GTC AFEGACCPEUTTT DHEEGET GALLGCC *;»»L»MSCGCGQG

FEGAGLCCTC OO ORI EEGATCCOGUABN TEALTAGTURIGC TR ACGEACAGACAGACAGACA SO GLULCCARID

“"%f'”},c CALLRS ORI LC GOCUBHIGHELEREANRCTERAC GOLEUEEC SRBTCECEERCAG "Gf‘*’:?,..@(:ﬁ.fﬁ e
VEECEGECTORAGREGEE A TOGUALTEARAL TTLTCHTL C?’w Y TG

EGUCCTRETCUGECECES
RGEAGG

CGACUEGASUCEURARBASTGLUTALT
ACGGEGAGEASEANGAAGASIARSAAGAGRAGAGREEEHICGIAGTEE

CGEERPHEAGHUHEE S TETECHTAGAIAGTGUTNCAGRRRCECEURII
COGEHAFERAGATTAGUPCSULGALGUECC GABRAGRGIGGECC

COTCCEARACOATORALTITCTLIT

x
b

CEEEITTCOY
SGRGAGGUAGCLUGRARCORLEGLCHEBIICOE
GRIBICTRGTS
AGRATORYCAIEARGTRGTGARETTUATGEATET
GTAUCCTGATEAGATCEAGTAT
FEACGAGRGCCTGHRAGTETEFGLCCALTGAG
TOARACCTCACCAAGECOAETACA T AGESAGREGATEAGU P PLCTAU AU AT AACRART GTE! .:JI‘\,C
CAAASARAGATAGASC AAGACARGAASARAAMICACT TU GAGGAARAGGRARAGEOGTAABRRARCEABARLECR
ANPLLCEE CPOCAGUETETACHEYT """t\,CCGC”‘J‘"’G‘E‘C‘!‘}%ATG COTHEBGOOTCOLTEEOLT
BTOCCTETGEH00 - CAGHRAAGCATTTCT TTGTALAA PO TGIAGAD Y GTARN SCCEECA
AAAACARCAGEACTCET FOGAGGTAGCTTISAST TRAACGARCCTATT T GCATATGTEACARGTUEAGGT
GG‘&"L:A(:CU:GGCA FAGGRAL ?AG‘L‘C”CU; PEAGEETTI CEHGAATTAGATOTC TC AL CAGGAARGACTRATACA
A GAT L BATACABARACO AL GUIECRURE TACCALALC AT ACCATURACAGA ACASTCOTTART COMEARRCC
GARAMTRARGERAGARE ;G.M.‘.'PC'L‘G{‘: GUAGHRGLACTTTGEETOOCGA SRGRITLCEHLGEARGCATTICICE
GC-«CGGuTGmC‘ COAGCARSGETURCTOT TREART TRER 'I’" GUOATTTDR PECTGCTAARTCACOERECS
O EGAAGAT T AGAGAG TN T T AT TS TESEAT T VP AGRCALACC CACTCACATALRIBRCATTTAT R T ATATATA
AT AR A ERTAT AT AR RAR T AR AT P TAT T O TATATATATAA R TATATAPATTC TP DT I T TARADTAACRSE
BT AATET T AT PG T O T TP L AC TEHATGT AT PREAC T ROTE THEACTY SAFT PG FEAGGEERAT GT IO CCALT
CAGNTLCTEACALCEAAGASGAGEAGATGAGAGARTCTEEURATCGATI I TTT TR IG TCCCACTICETEEEECCAS
GETONTOPCOCOTGUCCAGEAATATHOARGECIAGCECATERGEGUARATATRACC CARTTTTCRRARCALCLAT
ARKITCCRGL, SGUETTERGUOTCTOTACCTIREGTUAGAT CRAGAPMAGALRGAPUALIAGETALR ,QGQRT&%
oA ACCGEr T P AT CAGG AR TIPS SEGABC P TUAGEHEACK T TROTETECT PTG EATTCCCTL CACATER TGO
RIGCGCATOTOGRT AGGGECAUTHCOTHERBGATTCAGG ‘GCTGGGCGGCCTTCGC TIASTLRCROQTGET
POTGASTPRN NG AGCARAC AT TEECASATH L CEGIGARGRERAGAG AT AC AT TR PG EARGARGCRGCULAT
SASAGCTOCUCETOCPEEEACTCEC CCTCATLCECTPOC TGN “uC“TT(‘C’TGGGGTGQA(“CC’I’A%J\ GEAULTA
FPCCTCALANCAT PEALACCALTRETPOTEY GACCTGETTEPETH IR GTEARPEE T TRACOTY

SPTGOTGCLCIRCCTEEACCATRCCAARTEGTOCCAGGU PECAL COATGHCAGRRG
COATCCARTCGRGA
COOCTEATE

&
GEGEEUTHLTERAL

3

I

ey

COTCOATLCCOPE Tt SARGHT ARGCECAGEATE DRCADPTETEGA
SECRSAGRASAGRGERARETET PHRTRCGOGTACTRATPIARTATUICTTIYT ¢ CERAJRALLRGETTA
ATTPRATTASLSAGTRGERTVHTT "!‘"‘Tﬁf?&ﬁi‘l‘?‘B(TTfT‘TTG-'*‘-""‘m}&‘EM""1‘ AT DT ARLTR! FGRGRTEHETEATOY
PP O T L DTS RO TP AT T TETACCEGT T T T TG TATATARPATTCATHETPIGC 1‘
QACaGuA STAGT TS ‘F‘?GA;R{:AGE;A’I"*‘T.\A TELTARCAO TEIAGLTC
C O T T TERAAR T A ASH T I TC AR TRTRUATOTACATALTATATATRIATTTS

W
GTRTTT 5‘*("1‘(.""?{{;&'5‘ AT .-\PRT‘AT NPATGTTTNIGTATATATS TEATTC M AT ARAAT ABACATTGUT AT EOPEY
WAETG ACTAARTOFCTCTCOTITTYTAATEYTAA




U.S. Patent Aug. 9,2016 Sheet 4 of 9 US 9,410,155 B2

FI1G. 2 (Continuned)

P PRATCL G TN TR AT TG TEREGARALGATAT TARCATCALETS
GUAGTTTTPOSAGATATICCATASTAL T AT T CTTARACRACGAUARAGRARATRCAGAT
TARAGRATITAATTCTEATCT CARARAAARAAAAN

HAARLRAGOATTTTRTAT

=ohyd 4 IR4E93 43862261 §pad=0 3 'padsy

FRCGUPHGEEEUTRGUALCAGLET GREGUETRECE
xLxG’T‘v’aCn\ :CGG '“GCCCM TL&CLSV?« ASGHCEITL FAATTY APCCGRETTT
TP T T A "TT‘ TTPTTECTT

CTETTCTTTT I TCT T ARACAT PTT T T T P TAAAACTETATPET B
ATTULOTRL '-’"“GA.-\KL O CEACGRUTTGEEGRAGAT TGO T O AL T T CCLL AR AT ,U"i’ (;na“m(‘a

PLEASGAREAGRABAGALE
SRQIPECTTPVEEEEET a.’\k«h\:ﬂ«f €:is GUGEC LL;C
COCTCOCCCTTEREATICCE Gt C-}‘f E}CGCWSACG\:&L&MCPQP’”»\ ACANCHGCCCICALCS
WETCCTLNUCGEIIEEUESR &GB& AEPEGATACCHCHRUGAGL CRUGEETAGEEECCOGAGLICE

T GGRARRISGTLGHEGEUTI GO TE CCACTSAARC TR TC ST CC AR TPLTEEGC THTT
"‘{“""G&?CC & "’fzhw@&:ﬁ&“\ COGRGCOEAGLEBAECE CC%“”‘\ ST \;,‘TAGCTC"?GG(,(‘

SO NEAAMN GAMIIENG

ey .
G(" PECERBUAGUGA

ARGAGOT ,\,.\G’x( ‘AG»

oo
A‘C CHAL

gjte Q::.GCSACS-:QGC}%& COGSAGERAGEEEGARGAGERAGRAGRGAAGGHATRGE ARG AR LRGTHECERCTON

FUTCHEARGCT STHGALERETG, CQCGGLLU"G"’&:CCL‘w}\LF;{z’}." SPeeA e’;"& FOGLRTGOTCLRG
g CTCGULEREGT SHCCGCICOATA
GLT ’IICG\:'? CREGLUTCOGRARCUIAT SF‘ BOTTECLROTETONM?

T CAE‘U“”"’(’{Z ’FTGCT C'I‘f,"f,?at\:’l‘t C.-x\"‘ﬁ"""CC»\.‘\!g_ spuggltogtaccetyciggogeaygs
qq?c poigedagricoketoeag o tggggasaigsityegagryogogtagagyntotgigooocacgogy
gronaty gg AROCAYTTH rq : "*cccc;totﬂg»cLt“wgiucaqu'"g&vg'ﬁqc gugogogrtayggty

ggagygrac cEnacye ‘*frf“scgtaf*uqt\‘rr'
FYOCYRDES FOBGYSTYAGYTTERIGYIYE?

zttgﬁ‘cc- sactygaagtety cgcagcggg@

YPGETEC tc”f'av\,t“"‘g‘xaccccum.c\uwr CEGATRGCYUTTAGYTT ¢

on

Ao hyoeacts ;qtct»..Luca;“u.!:(.ggncgwa_;
- rogTtgoty :s(:t:tt,‘rr'r*

)‘,’!

7

"tt*ca;y,qc(‘ x;dgut:t.tmaggg
135\511(?@‘::9&
SEATGUNT

[kt ateted
tg!"v‘t gEdsas
FEYGUICLOLHARY
Seggssagreaty
'G*GC&&Qtaﬁu

33&3df?03f2\ﬂaC”
gRgeocachyggegotiLyg
i ﬂﬁcﬁgruccgaﬁ detebels
veatigeoeeasiiiaeocon ity ¥
cotgaads quaﬂa\qagv:“cbwuc@

]

g

&0 TS Bt 0

COROD

AxsoeUgnooad
R ChOR dggabt‘"m‘
2 ”C*F&ﬂa?cﬁLQdCﬁLd;

tgbbtqghCﬂCa tgigacotioaga

R HOLCT C“f‘r’f}(‘ tiggaagggtatygaaattte
i agtaggagghals

' [ugcle ta

Loy 3actﬁ¢t g
Lﬂdgt“”rctxﬂﬂﬁr“”
Beis iV vt e iniy i

-mg:?g

i 3qaczqggpaf G ugcct“wﬂchgﬁ“"cét. * LR A c‘ \agnguqag
jeitggsaccl stRelelgnielsis GRIBRURAICT EES gl !

ggelobogagags thbgh a..tz‘ *th(:qr

qcaa»ctf:t qggwar

Ertracs
Loggtygee

)
a"cagg

wgr1r~tgre~tqt

“tcgaﬁ*“ﬂﬁécajcrcvcaacar<:g

acz qgau\y
gotota

gRgtescoaty

Sratont qrt Haag
d sJEGQQLG(‘;QCGEQL&IC“LL.b(..»’il.{(.ﬂlCCE\. : :
TECACCCATGECALRBAGERGGEA ‘«si;C\’:h’baT\ f"LTﬁF-'::Gﬁ Hleeise

quw:Laug
ctgttogat




U.S. Patent Aug. 9,2016 Sheet 5 of 9 US 9,410,155 B2

FIG. 2 (Continued)
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FIG. 2 (Continued)
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FI1G. 2 (Continued}

COO R FOTLEGOTGEETEACLCAGUACAETCOOTOTTRCAATICCATICRCCATTTTATTTYTS

TOOTE A ATCADIGAGCOIGGAABATTASABAGTIT TATTTOTHGGATTICTETAGACACACUCACCCAZATRCAT
ACATTPALATATAPATATATTATATATATATARAARTARATATOTY ATATATAARATATATATRATIC
ACARGTSOTAN TG T AT TG TOTOTTT ATRGAT GOTEFTROACTTIAGTIGSRG
CORCTIAGRTCLTGAC ABEEAAGARGROGAGATOAGAGAC T TRECATEATCTTTTITITIGES
CCRCTTGS TORRGUIASREFTOCTOTOOCCTEOCTD FUAAGGOTAGHACATEREGGLUAARATATEATCCOR
GTTTIGC CEACAARCOUARGUUITGROED G
CACASSTACABGGATHAGGACACIGECTOPE SCQALGAR
TRCCUTUCACATRCTECH GCATOPCGUNNCCAGGGECA
GUEPTACTCTCACOPSITINTEAGTTGCOCACGASATCATTRGC AR ATGT COAAGRGAAGAGRCACATEST
TEGAAGAAGCASCOUADGACAGU TCOCUT T TREGACTIGCCUTIATCCTITPCOIGUTLCQUTT COTEEEETG
CRGOOTARRAGGACOTATGTCOTU AC ACCATTO AR AU CACT AGTTOTETOCCCCCANS ACGALCTCOTRETOTETG
TETGARTECTTEACCTTCOTCCATUCCCTOOTO T TCQUTTCOITICCOEAGECACAG ACACALAGHRCAGGATC
CAUGTGCCUATTOTEEACGECAGAG AX ARAGAGRA A TGTT T TATATACGGTACT TATTTARTATOCCTTTTTA
: TR AR AC RO T T ARTT TAAT TR AAGASTAGGETTTTTY
APTTATGRGATRTATCTTTTOOTOTU PO TN

¥

AGBGEAATETTE

&

COTGEELEENTNTTIC

ANTCTCPUTCTCCOTEATCGGTORCAGTERCTAGCTTATC REATATTTAATTTTECTARCASTOARITS
PO TSSO CCAGCALAI AT T TTTGARATAASSTTIC AA TR TACATCOTACATROTATS
AT AT AT PTG A A T IS TA T T IS T TG TATAT ATATATATATATOTTTATOTA TATATGTGATTCTGATAA A AT
SRTTECTATI TG TITTTTATA CARBALARGAAS z TARAATOTUTC
TYTTTTAA r CATTTATTTATIGETCOT FIGEGGAASS
PIAACNT! TTGTCTUTAGTECAGTITTTCRABATATT ATTTATITTTARACARD

s SANT 3
ARAGARATACABA TR TATITT AR AR ALAAAMAAGCATTITGTA L ATTCTRATUTCAA

b
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FIG. 3

J"

MNatural antisense sequence (veglaash SEQID RO 2

Pgifl44ER617 (g i BIUAESGS. 1 IBNO4SESS MRI-FROZOE- Q2020

sapliens CONA, BRBA seguenos

AGOCTGRCACGERRCCAAGAGL ASCACTAGLO TEU TCAGCALGACOTEEALT
SRGCACGUAGCABRAT SO THECABT TARASEAGLTCTEGEGREEA
CTOTCCCCAGCCTEPCARLGLOTECTARACCATOPCACTRGACALT
TARCTOTCUOCATEHUACAGTAGTOHN TTTGGGGR%AC&GmPQGGGE}'E&JRGG-S

GIOCCCTPUAAGASAACCAGACCTCTCCRMECOTECL AAGCUCAAGAGARCACALCT CAGEATETOT
CAGGEAAGRANGERGGOEGAGRRGGECCCRAIRACAGGROABSTITETOCND WEIRCCERAGSE
FYGGAASGRAGRTPTHORCATOLCCPCECTCTCHARGET SHERAGS 'T“ RGEERAGRECCARGECGET T BAGGUI TGS

[N

CACAGCOETOCASELAGAC ARCATERT GTOOEHEAALGEHOAGEEIACASETGUTAY
o
i

SCOORGGTSAGLNNG

FHEGHCTTCARTETCCEE
CECTCASPOTCT ORI TCCUPEGARGUTO T ICHT GATEUAAADG

Natural antisense sequence {(VEGRas) SEQTD NG 3

HRCOEZ Homo

BEEZSTES MRI-HHNOOE ~a8

CAGCTALGLCRGATTTACETCAGERAAALTCECTEEE
GRGAGCACAGGOCACRTECAGT GCHERARAGQUAFEEY
AAIAGEOAGEURGACTCAREEITERFI COCHRGHUE
CHRTRRCOTCEREAGCTACAGCCABLOITC TR FEAGGEACAGTIACAGUAATCCARZATAGICARGTS
GEATRATCTCIACCCOCARRGEAATEGOARACCASEARAGSERGLGCAGARICLATTAGRCTGASCICCTCTRCCLCT
SOLTASCCTTEEECARIAGEEEIRATE ST ARSCUCAASTGRTTTICYGGGTUCCTARGCIC TOU ST RARALBEETTY
COAGACCARRGRGOCU THRAT GARGEUATETUTU TATAYTACTOTATCCOPCRNICCOCARECOAE

BTG A

BT GEEATL "\()CAL
ALGEAAGSCTCC AGGGTC’I’E""L’“V
GTCUCCAGAGAALT AT CC!’U AL

FiG. 4

Sequence {0 ) Sequence

SEQ IR Boc 4 | OTGAGUARGUIEETPE TGO PL A TGE T

SEQ IR MOC S | ACAGATATCCTGARGTGCTETTCPCTYS

b,

BEQ ID MO8 TTTERCATCACIARGRECTTQCALEEA

&
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Sequence D

Sequenve

SEG ID ROT

CAGCAGTHITGATULCAGUUTHTCTCS

TORTCARGE

%
%]
w
I3
el
Y
3
¥

FIG. o

Sequence 10

Seguance

L
e

Ip NG 10

ATGCCRARPHOTCONAGSETERASD

I MO: 1L

L
38
S

GTAGCOTGTCCCCTICARGRE

3

a8 In M

]

H A

<
GCGGATAGCETHEGAGOTA

e
g

SEQ ID ROl

CAGADATCCTERAGETSTRETTCT

SEQ ID N3 14 | PETPCeTTROTETEACTGET
SED ID NO:LS | ATGCCTGUUAAGCULA
AEG IY NQris | CAGCCARCCOTQTRGD
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TREATMENT OF VASCULAR ENDOTHELIAL
GROWTH FACTOR (VEGF) RELATED
DISEASES BY INHIBITION OF NATURAL
ANTISENSE TRANSCRIPT TO VEGF

CROSS REFERENCE

This application is a divisional of U.S application Ser. No.
13/132,997 filed Jun. 15, 2011, now U.S. Pat. No. 8,927,511,
which is a National Phase application of PCT/US2009/
066455 filed on Dec. 2, 2009, which is based upon U.S.
Provisional No. 61/119,957 filed on Dec. 4, 2008, which are
all hereby incorporated by reference.

FIELD OF THE INVENTION

Embodiments of the invention comprise oligonucleotides
modulating expression and/or function of VEGF and associ-
ated molecules.

BACKGROUND

DNA-RNA and RNA-RNA hybridization are important to
many aspects of nucleic acid function including DNA repli-
cation, transcription, and translation. Hybridization is also
central to a variety of technologies that either detect a par-
ticular nucleic acid or alter its expression. Antisense nucle-
otides, for example, disrupt gene expression by hybridizing to
target RNA, thereby interfering with RNA splicing, transcrip-
tion, translation, and replication. Antisense DNA has the
added feature that DNA-RNA hybrids serve as a substrate for
digestion by ribonuclease H, an activity that is present in most
cell types. Antisense molecules can be delivered into cells, as
is the case for oligodeoxynucleotides (ODNs), or they can be
expressed from endogenous genes as RNA molecules. The
FDA recently approved an antisense drug, VITRAVENE™
(for treatment of cytomegalovirus retinitis), reflecting that
antisense has therapeutic utility.

SUMMARY

This Summary is provided to present a summary of the
invention to briefly indicate the nature and substance of the
invention. It is submitted with the understanding that it will
not be used to interpret or limit the scope or meaning of the
claims.

In one embodiment, the invention provides methods for
inhibiting the action of a natural antisense transcript by using
antisense oligonucleotide(s) targeted to any region of the
natural antisense transcript resulting in up-regulation of the
corresponding sense gene. It is also contemplated herein that
inhibition of the natural antisense transcript can be achieved
by siRNA, ribozymes and small molecules, which are con-
sidered to be within the scope of the present invention.

One embodiment provides a method of modulating func-
tion and/or expression of an VEGF polynucleotide in patient
cells or tissues in vivo or in vitro comprising contacting said
cells or tissues with an antisense oligonucleotide 5 to 30
nucleotides in length wherein said oligonucleotide has at least
50% sequence identity to a reverse complement of a poly-
nucleotide comprising 5 to 30 consecutive nucleotides within
nucleotides 1 to 643 of SEQ ID NO: 2 or nucleotides 1 to 513
of SEQID NO: 3 (FIG. 3) thereby modulating function and/or
expression of the VEGF polynucleotide in patient cells or
tissues in vivo or in vitro.

In another preferred embodiment, an oligonucleotide tar-
gets a natural antisense sequence of VEGF polynucleotides,
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for example, nucleotides set forth in SEQ ID NOS: 2 and 3,
and any variants, alleles, homologs, mutants, derivatives,
fragments and complementary sequences thereto. Examples
of antisense oligonucleotides are set forth as SEQ ID NOS: 4
to 9 (FIG. 4).

Another embodiment provides a method of modulating
function and/or expression of an VEGF polynucleotide in
patient cells or tissues in vivo or in vitro comprising contact-
ing said cells or tissues with an antisense oligonucleotide 5 to
30 nucleotides in length wherein said oligonucleotide has at
least 50% sequence identity to areverse complement of the an
antisense of the VEGF polynucleotide; thereby modulating
function and/or expression of the VEGF polynucleotide in
patient cells or tissues in vivo or in vitro.

Another embodiment provides a method of modulating
function and/or expression of an VEGF polynucleotide in
patient cells or tissues in vivo or in vitro comprising contact-
ing said cells or tissues with an antisense oligonucleotide 5 to
30 nucleotides in length wherein said oligonucleotide has at
least 50% sequence identity to an antisense oligonucleotide to
an VEGF antisense polynucleotide; thereby modulating func-
tion and/or expression of the VEGF polynucleotide in patient
cells or tissues in vivo or in vitro.

In a preferred embodiment, a composition comprises one
or more antisense oligonucleotides which bind to sense and/
or antisense VEGF polynucleotides.

In another preferred embodiment, the oligonucleotides
comprise one or more modified or substituted nucleotides.

In another preferred embodiment, the oligonucleotides
comprise one or more modified bonds.

In yet another embodiment, the modified nucleotides com-
prise modified bases comprising phosphorothioate, meth-
ylphosphonate, peptide nucleic acids, 2'-O-methyl, fluoro- or
carbon, methylene or other locked nucleic acid (LNA) mol-
ecules. Preferably, the modified nucleotides are locked
nucleic acid molecules, including a-L-LNA.

In another preferred embodiment, the oligonucleotides are
administered to a patient subcutaneously, intramuscularly,
intravenously or intraperitoneally.

In another preferred embodiment, the oligonucleotides are
administered in a pharmaceutical composition. A treatment
regimen comprises administering the antisense compounds at
least once to patient; however, this treatment can be modified
to include multiple doses over a period of time. The treatment
can be combined with one or more other types of therapies.

In another preferred embodiment, the oligonucleotides are
encapsulated in a liposome or attached to a carrier molecule
(e.g. cholesterol, TAT peptide).

Other aspects are described infra.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, and 1C:

FIGS. 1A and 1B: is a graph of real time PCR results
showing the fold change+standard deviation in VEGF mRNA
after treatment of HepG2 cells with siRNA oligonucleotides
introduced using Lipofectamine 2000, as compared to con-
trol. Real time PCR results show that the levels of the VEGFA
mRNA in HepG2 cells are significantly increased 48 h after
treatment with one of the siRNAs designed to vegfaas (ve-
faas1_2, P=0.05), and possibly with the second, vefaasl_3
(P=0.1, FIG. 1A). In the same samples the levels of vegfaas
RNA were significantly decreased after treatment with either
vefaas1_2 or vefaas1_3, but unchanged after treatment with
vefaasl_5, which also had no effect on the VEGFA mRNA
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levels (FIG. 1B). Bars denoted in as vefaasl_2, vefaasl_3,
vefaas1_5 correspond to samples treated with SEQ ID NOS
4, 5, and 6 respectively.

FIG. 1C is a graph of real time PCR results showing the
fold change+standard deviation in VEGF mRNA after treat-
ment of HepG2 cells with siRNA oligonucleotides intro-
duced using Lipofectamine 2000, as compared to control.
Real time PCR results show that the levels of the VEGFA
mRNA in HepG2 cells are significantly increased 48 h after
treatment with two of the siRNAs designed to vegRas (veg-
Rasl_2, P=0.02 and vegRas1_3, P=0.06,). The results for the
change in vegRas RNA levels are pending. Bars denoted as
vegRas1_2, vegRasl_3, vegRasl_5 correspond to samples
treated with SEQ ID NOS 7, 8, and 9 respectively.

FIG. 2 shows SEQ ID NO: 1: Homo sapiens Vascular
Endothelial Growth Factor (VEGF), transcript variant 1,
mRNA. (NCBI Accession No: NM_001025366.1) and SEQ
ID NO: 17 shows the genomic sequence of VEGF (exons are
shown in capital letters, introns in small).

FIG. 3 shows
SEQ ID NO: 2: VEGF Natural antisense sequence (NCBI

Accession No.: BI045995)

SEQ ID NO: 3: VEGR Natural antisense sequence (NCBI

Accession No.: BF829784)

FIG. 4 shows the antisense oligonucleotides, SEQ ID NOs:
4 to 6 designed to VEGF Natural antisense sequence

FIG. 5 shows the antisense oligonucleotides, SEQ ID NOs:
7 to 9 designed to VEGR Natural antisense sequence

FIG. 6 shows the target sequence VEGFA exon 1 (SEQ ID
NO: 10); Forward primer sequences (SEQ ID NOS: 11 and
12), reverse primer sequences (SEQ ID NOS: 13 and 14) and
the reporter sequences (SEQ ID NOS: 15 and 16) of the
Custom assays designed by Applied Biosystems Tagman
Gene Expression Assay (Hs00173626_m1).

DETAILED DESCRIPTION

Several aspects of the invention are described below with
reference to example applications for illustration. It should be
understood that numerous specific details, relationships, and
methods are set forth to provide a full understanding of the
invention. One having ordinary skill in the relevant art, how-
ever, will readily recognize that the invention can be practiced
without one or more of the specific details or with other
methods. The present invention is not limited by the ordering
of acts or events, as some acts may occur in different orders
and/or concurrently with other acts or events. Furthermore,
not all illustrated acts or events are required to implement a
methodology in accordance with the present invention.

All genes, gene names, and gene products disclosed herein
are intended to correspond to homologs from any species for
which the compositions and methods disclosed herein are
applicable. Thus, the terms include, but are not limited to
genes and gene products from humans and mice. It is under-
stood that when a gene or gene product from a particular
species is disclosed, this disclosure is intended to be exem-
plary only, and is not to be interpreted as a limitation unless
the context in which it appears clearly indicates. Thus, for
example, for the genes disclosed herein, which in some
embodiments relate to mammalian nucleic acid and amino
acid sequences are intended to encompass homologous and/
or orthologous genes and gene products from other animals
including, but not limited to other mammals, fish, amphib-
ians, reptiles, and birds. In preferred embodiments, the genes
or nucleic acid sequences are human.
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Definitions

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. Further-
more, to the extent that the terms “including”, “includes”,
“having”, “has”, “with”, or variants thereof are used in either
the detailed description and/or the claims, such terms are
intended to be inclusive in a manner similar to the term
“comprising.”

The term “about” or “approximately” means within an
acceptable error range for the particular value as determined
by one of ordinary skill in the art, which will depend in part on
how the value is measured or determined, i.e., the limitations
of the measurement system. For example, “about” can mean
within 1 or more than 1 standard deviation, per the practice in
the art. Alternatively, “about” can mean a range of up to 20%,
preferably up to 10%, more preferably up to 5%, and more
preferably still up to 1% of a given value. Alternatively, par-
ticularly with respect to biological systems or processes, the
term can mean within an order of magnitude, preferably
within 5-fold, and more preferably within 2-fold, of a value.
Where particular values are described in the application and
claims, unless otherwise stated the term “about” meaning
within an acceptable error range for the particular value
should be assumed.

As used herein, the term “mRNA” means the presently
known mRNA transcript(s) of a targeted gene, and any further
transcripts which may be elucidated.

By “antisense oligonucleotides” or “antisense compound”
is meant an RNA or DNA molecule that binds to another RNA
or DNA (target RNA, DNA). For example, if it is an RNA
oligonucleotide it binds to another RNA target by means of
RNA-RNA interactions and alters the activity of the target
RNA (Eguchietal., (1991) Ann. Rev. Biochem. 60, 631-652).
An antisense oligonucleotide can upregulate or downregulate
expression and/or function of a particular polynucleotide.
The definition is meant to include any foreign RNA or DNA
molecule which is useful from a therapeutic, diagnostic, or
other viewpoint. Such molecules include, for example, anti-
sense RNA or DNA molecules, interference RNA (RNA1),
micro RNA, decoy RNA molecules, siRNA, enzymatic RNA,
therapeutic editing RNA and agonist and antagonist RNA,
antisense oligomeric compounds, antisense oligonucleotides,
external guide sequence (EGS) oligonucleotides, alternate
splicers, primers, probes, and other oligomeric compounds
that hybridize to at least a portion of the target nucleic acid. As
such, these compounds may be introduced in the form of
single-stranded, double-stranded, partially single-stranded,
or circular oligomeric compounds.

In the context of this invention, the term “oligonucleotide”
refers to an oligomer or polymer of ribonucleic acid (RNA) or
deoxyribonucleic acid (DNA) or mimetics thereof. The term
“oligonucleotide”, also includes linear or circular oligomers
of natural and/or modified monomers or linkages, including
deoxyribonucleosides, ribonucleosides, substituted and
alpha-anomeric forms thereof, peptide nucleic acids (PNA),
locked nucleic acids (LNA), phosphorothioate, methylphos-
phonate, and the like. Oligonucleotides are capable of spe-
cifically binding to a target polynucleotide by way of a regular
pattern of monomer-to-monomer interactions, such as Wat-
son-Crick type of base pairing, Hodgsteen or reverse Hodgs-
teen types of base pairing, or the like.

The oligonucleotide may be “chimeric”, that is, composed
of different regions. In the context of this invention “chi-
meric” compounds are oligonucleotides, which contain two
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or more chemical regions, for example, DNA region(s), RNA
region(s), PNA region(s) etc. Each chemical region is made
up of at least one monomer unit, i.e., a nucleotide in the case
of an oligonucleotides compound. These oligonucleotides
typically comprise at least one region wherein the oligonucle-
otide is modified in order to exhibit one or more desired
properties. The desired properties of the oligonucleotide
include, but are not limited, for example, to increased resis-
tance to nuclease degradation, increased cellular uptake, and/
or increased binding affinity for the target nucleic acid. Dit-
ferent regions of the oligonucleotide may therefore have
different properties. The chimeric oligonucleotides of the
present invention can be formed as mixed structures of two or
more oligonucleotides, modified oligonucleotides, oligo-
nucleosides and/or oligonucleotide analogs as described
above.

The oligonucleotide can be composed of regions that can
be linked in “register”, that is, when the monomers are linked
consecutively, as in native DNA, or linked via spacers. The
spacers are intended to constitute a covalent “bridge”
between the regions and have in preferred cases a length not
exceeding about 100 carbon atoms. The spacers may carry
different functionalities, for example, having positive or
negative charge, carry special nucleic acid binding properties
(intercalators, groove binders, toxins, fluorophors etc.), being
lipophilic, inducing special secondary structures like, for
example, alanine containing peptides that induce alpha-heli-
ces.

Asusedherein “VEGF” and “Vascular Endothelial Growth
Factor A” are inclusive of all family members, mutants, alle-
les, fragments, species, coding and noncoding sequences,
sense and antisense polynucleotide strands, etc.

As used herein, the words Vascular Endothelial Growth
Factor A, VEGF, VEGFA are used interchangeably in the
present application.

As used herein, the term “oligonucleotide specific for” or
“oligonucleotide which targets” refers to an oligonucleotide
having a sequence (i) capable of forming a stable complex
with a portion of the targeted gene, or (ii) capable of forming
a stable duplex with a portion of a mRNA transcript of the
targeted gene. Stability of the complexes and duplexes can be
determined by theoretical calculations and/or in vitro assays.
Exemplary assays for determining stability of hybridization
complexes and duplexes are described in the Examples
below.

Asused herein, the term “target nucleic acid” encompasses
DNA, RNA (comprising premRNA and mRNA) transcribed
from such DNA, and also ¢cDNA derived from such RNA,
coding, noncoding sequences, sense or antisense polynucle-
otides. The specific hybridization of an oligomeric compound
with its target nucleic acid interferes with the normal function
of the nucleic acid. This modulation of function of a target
nucleic acid by compounds, which specifically hybridize to it,
is generally referred to as “antisense”. The functions of DNA
to be interfered include, for example, replication and tran-
scription. The functions of RNA to be interfered, include all
vital functions such as, for example, translocation of the RNA
to the site of protein translation, translation of protein from
the RNA, splicing of the RNA to yield one or more mRNA
species, and catalytic activity which may be engaged in or
facilitated by the RNA. The overall effect of such interference
with target nucleic acid function is modulation of the expres-
sion of an encoded product or oligonucleotides.

RNA interference “RNAi” is mediated by double stranded
RNA (dsRNA) molecules that have sequence-specific homol-
ogy to their “target” nucleic acid sequences (Caplen, N. J., et
al. (2001) Proc. Natl. Acad. Sci. USA 98:9742-9747). In
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certain embodiments of the present invention, the mediators
are 5-25 nucleotide “small interfering” RNA duplexes (siR-
NAs). The siRNAs are derived from the processing of dSSRNA
by an RNase enzyme known as Dicer (Bernstein, E., et al.
(2001) Nature 409:363-366). siRNA duplex products are
recruited into a multi-protein siRNA complex termed RISC
(RNA Induced Silencing Complex). Without wishing to be
bound by any particular theory, a RISC is then believed to be
guided to a target nucleic acid (suitably mRNA), where the
siRNA duplex interacts in a sequence-specific way to mediate
cleavage in a catalytic fashion (Bernstein, E., et al. (2001)
Nature 409:363-366; Boutla, A., et al. (2001) Curr. Biol.
11:1776-1780). Small interfering RNAs that can be used in
accordance with the present invention can be synthesized and
used according to procedures that are well known in the art
and that will be familiar to the ordinarily skilled artisan. Small
interfering RNAs for use in the methods of the present inven-
tion suitably comprise between about 1 to about 50 nucle-
otides (nt). In examples of non limiting embodiments, siR-
NAs can comprise about 5 to about 40 nt, about 5 to about 30
nt, about 10 to about 30 nt, about 15 to about 25 nt, or about
20-25 nucleotides.

Selection of appropriate oligonucleotides is facilitated by
using computer programs that automatically align nucleic
acid sequences and indicate regions of identity or homology.
Such programs are used to compare nucleic acid sequences
obtained, for example, by searching databases such as Gen-
Bank or by sequencing PCR products. Comparison of nucleic
acid sequences from a range of species allows the selection of
nucleic acid sequences that display an appropriate degree of
identity between species. In the case of genes that have not
been sequenced, Southern blots are performed to allow a
determination of the degree of identity between genes in
target species and other species. By performing Southern
blots at varying degrees of stringency, as is well known in the
art, it is possible to obtain an approximate measure of identity.
These procedures allow the selection of oligonucleotides that
exhibit a high degree of complementarity to target nucleic
acid sequences in a subject to be controlled and a lower degree
of complementarity to corresponding nucleic acid sequences
in other species. One skilled in the art will realize that there is
considerable latitude in selecting appropriate regions of
genes for use in the present invention.

By “enzymatic RNA” is meant an RNA molecule with
enzymatic activity (Cech, (1988) J. American. Med. Assoc.
260,3030-3035). Enzymatic nucleic acids (ribozymes) act by
first binding to a target RNA. Such binding occurs through the
target binding portion of an enzymatic nucleic acid which is
held in close proximity to an enzymatic portion of the mol-
ecule that acts to cleave the target RNA. Thus, the enzymatic
nucleic acid first recognizes and then binds a target RNA
through base pairing, and once bound to the correct site, acts
enzymatically to cut the target RNA.

By “decoy RNA” is meant an RNA molecule that mimics
the natural binding domain for a ligand. The decoy RNA
therefore competes with natural binding target for the binding
of a specific ligand. For example, it has been shown that
over-expression of HIV trans-activation response (TAR)
RNA can act as a “decoy” and efficiently binds HIV tat
protein, thereby preventing it from binding to TAR sequences
encoded in the HIV RNA (Sullenger et al. (1990) Cell, 63,
601-608). This is meant to be a specific example. Those in the
art will recognize that this is but one example, and other
embodiments can be readily generated using techniques gen-
erally known in the art.

As used herein, the term “monomers” typically indicates
monomers linked by phosphodiester bonds or analogs thereof
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to form oligonucleotides ranging in size from a few mono-
meric units, e.g., from about 3-4, to about several hundreds of
monomeric units. Analogs of phosphodiester linkages
include: phosphorothioate, phosphorodithioate, methylphos-
phornates, phosphoroselenoate, phosphoramidate, and the
like, as more fully described below.

The term “nucleotide” covers naturally occurring nucle-
otides as well as nonnaturally occurring nucleotides. It should
be clear to the person skilled in the art that various nucleotides
which previously have been considered “non-naturally occur-
ring” have subsequently been found in nature. Thus, “nucle-
otides” includes not only the known purine and pyrimidine
heterocycles-containing molecules, but also heterocyclic
analogues and tautomers thereof. Illustrative examples of
other types of nucleotides are molecules containing adenine,
guanine, thymine, cytosine, uracil, purine, xanthine, diami-
nopurine, 8-0x0-N6-methyladenine, 7-deazaxanthine, 7-dea-
zaguanine, N4,N4-ethanocytosin, N6,N6-ethano-2,6-diami-
nopurine, S-methylcytosine, 5-(C3-C6)-alkynylcytosine,
S5-fluorouracil, S-bromouracil, pseudoisocytostine, 2-hy-
droxy-5-methyl-4-triazolopyridin, isocytosine, isoguanin,
inosine and the “non-naturally occurring” nucleotides
described in Benner et al., U.S. Pat. No. 5,432,272. The term
“nucleotide” is intended to cover every and all of these
examples as well as analogues and tautomers thereof. Espe-
cially interesting nucleotides are those containing adenine,
guanine, thymine, cytosine, and uracil, which are considered
as the naturally occurring nucleotides in relation to therapeu-
tic and diagnostic application in humans. Nucleotides include
the natural 2'-deoxy and 2'-hydroxyl sugars, e.g., as described
in Kornberg and Baker, DNA Replication, 2nd Ed. (Freeman,
San Francisco, 1992) as well as their analogs.

“Analogs” in reference to nucleotides includes synthetic
nucleotides having modified base moieties and/or modified
sugar moieties (see e.g., described generally by Scheit,
Nucleotide Analogs, John Wiley, New York, 1980; Freier &
Altmann, (1997) Nucl. Acid. Res., 25(22), 4429-4443,
Toulmé, J. J., (2001) Nature Biotechnology 19:17-18; Mano-
haran M., (1999) Biochemica et Biophysica Acta 1489:117-
139; Freier S. M., (1997) Nucleic Acid Research, 25:4429-
4443 Uhlman, E., (2000) Drug Discovery & Development, 3:
203-213, Herdewin P., (2000) Antisense & Nucleic Acid Drug
Dev., 10:297-310); 2'-O, 3'-C-linked [3.2.0] bicycloarabino-
nucleosides (see e.g. N. K Christiensen., et al, (1998) J. Am.
Chem. Soc., 120: 5458-5463; Prakash T P, Bhat B. (2007)
Curr Top Med Chem. 7(7):641-9; Cho E J, et al. (2009)
Annual Review of Analytical Chemistry, 2, 241-264). Such
analogs include synthetic nucleotides designed to enhance
binding properties, e.g., duplex or triplex stability, specificity,
or the like.

As used herein, “hybridization” means the pairing of sub-
stantially complementary strands of oligomeric compounds.
One mechanism of pairing involves hydrogen bonding, which
may be Watson-Crick, Hodgsteen or reversed Hodgsteen
hydrogen bonding, between complementary nucleoside or
nucleotide bases (nucleotides) of the strands of oligomeric
compounds. For example, adenine and thymine are comple-
mentary nucleotides which pair through the formation of
hydrogen bonds. Hybridization can occur under varying cir-
cumstances.

An antisense compound is “specifically hybridizable”
when binding of the compound to the target nucleic acid
interferes with the normal function of the target nucleic acid
to cause a modulation of function and/or activity, and there is
a sufficient degree of complementarity to avoid non-specific
binding of the antisense compound to non-target nucleic acid
sequences under conditions in which specific binding is
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desired, i.e., under physiological conditions in the case of in
vivo assays or therapeutic treatment, and under conditions in
which assays are performed in the case of in vitro assays.

As used herein, the phrase “stringent hybridization condi-
tions” or “stringent conditions™ refers to conditions under
which a compound of the invention will hybridize to its target
sequence, but to a minimal number of other sequences. Strin-
gent conditions are sequence-dependent and will be different
in different circumstances and in the context of this invention,
“stringent conditions” under which oligomeric compounds
hybridize to a target sequence are determined by the nature
and composition of the oligomeric compounds and the assays
in which they are being investigated. In general, stringent
hybridization conditions comprise low concentrations
(<0.15M) of salts with inorganic cations such as Na++ or K++
(i.e., low ionic strength), temperature higher than 20° C.-25°
C. below the Tm of'the oligomeric compound:target sequence
complex, and the presence of denaturants such as formamide,
dimethylformamide, dimethyl sulfoxide, or the detergent
sodium dodecyl sulfate (SDS). For example, the hybridiza-
tion rate decreases 1.1% for each 1% formamide. An example
of a high stringency hybridization condition is 0.1x sodium
chloride-sodium citrate bufter (SSC)/0.1% (w/v) SDS at 60°
C. for 30 minutes.

“Complementary,” as used herein, refers to the capacity for
precise pairing between two nucleotides on one or two oligo-
meric strands. For example, if a nucleobase at a certain posi-
tion of an antisense compound is capable of hydrogen bond-
ing with a nucleobase at a certain position of a target nucleic
acid, said target nucleic acid being a DNA, RNA, or oligo-
nucleotide molecule, then the position of hydrogen bonding
between the oligonucleotide and the target nucleic acid is
considered to be a complementary position. The oligomeric
compound and the further DNA, RNA, or oligonucleotide
molecule are complementary to each other when a sufficient
number of complementary positions in each molecule are
occupied by nucleotides which can hydrogen bond with each
other. Thus, “specifically hybridizable” and “complemen-
tary” are terms which are used to indicate a sufficient degree
of precise pairing or complementarity over a sufficient num-
ber of nucleotides such that stable and specific binding occurs
between the oligomeric compound and a target nucleic acid.

Itis understood in the art that the sequence of an oligomeric
compound need not be 100% complementary to that of its
target nucleic acid to be specifically hybridizable. Moreover,
an oligonucleotide may hybridize over one or more segments
such that intervening or adjacent segments are not involved in
the hybridization event (e.g., a loop structure, mismatch or
hairpin structure). The oligomeric compounds of the present
invention comprise at least about 70%, or at least about 75%,
or at least about 80%, or at least about 85%, or at least about
90%, or at least about 95%, or at least about 99% sequence
complementarity to a target region within the target nucleic
acid sequence to which they are targeted. For example, an
antisense compound in which 18 of 20 nucleotides of the
antisense compound are complementary to a target region,
and would therefore specifically hybridize, would represent
90 percent complementarity. In this example, the remaining
noncomplementary nucleotides may be clustered or inter-
spersed with complementary nucleotides and need not be
contiguous to each other or to complementary nucleotides. As
such, an antisense compound which is 18 nucleotides in
length having 4 (four) noncomplementary nucleotides which
are flanked by two regions of complete complementarity with
the target nucleic acid would have 77.8% overall complemen-
tarity with the target nucleic acid and would thus fall within
the scope of the present invention. Percent complementarity
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of an antisense compound with a region of a target nucleic
acid can be determined routinely using BLAST programs
(basic local alignment search tools) and PowerBLAST pro-
grams known in the art (Altschul et al., (1990) J. Mol. Biol.,
215, 403-410; Zhang and Madden, (1997) Genome Res., 7,
649-656). Percent homology, sequence identity or comple-
mentarity, can be determined by, for example, the Gap pro-
gram (Wisconsin Sequence Analysis Package, Version 8 for
Unix, Genetics Computer Group, University Research Park,
Madison Wis.), using default settings, which uses the algo-
rithm of Smith and Waterman (4dv. Appl. Math., (1981) 2,
482-489).

As used herein, the term “Thermal Melting Point (Tm)”
refers to the temperature, under defined ionic strength, pH,
and nucleic acid concentration, at which 50% of the oligo-
nucleotides complementary to the target sequence hybridize
to the target sequence at equilibrium. Typically, stringent
conditions will be those in which the salt concentration is at
least about 0.01 to 1.0 M Na ion concentration (or other salts)
atpH 7.0 to 8.3 and the temperature is at least about 30° C. for
short oligonucleotides (e.g., 10 to 50 nucleotide). Stringent
may also be achieved with the addition of destabilizing agents
such as formamide.

As used herein, “modulation” means either an increase
(stimulation) or a decrease (inhibition) in the expression of a
gene.

The term “variant,” when used in the context of a poly-
nucleotide sequence, may encompass a polynucleotide
sequence related to a wild type gene. This definition may also
include, for example, “allelic,” “splice,” “species,” or “poly-
morphic” variants. A splice variant may have significant iden-
tity to a reference molecule, but will generally have a greater
or lesser number of polynucleotides due to alternate splicing
of exons during mRNA processing. The corresponding
polypeptide may possess additional functional domains or an
absence of domains. Species variants are polynucleotide
sequences that vary from one species to another. Of particular
utility in the invention are variants of wild type gene products.
Variants may result from at least one mutation in the nucleic
acid sequence and may result in altered mRNAs or in
polypeptides whose structure or function may or may not be
altered. Any given natural or recombinant gene may have
none, one, or many allelic forms. Common mutational
changes that give rise to variants are generally ascribed to
natural deletions, additions, or substitutions of nucleotides.
Each of these types of changes may occur alone, or in com-
bination with the others, one or more times in a given
sequence.

The resulting polypeptides generally will have significant
amino acid identity relative to each other. A polymorphic
variant is a variation in the polynucleotide sequence of a
particular gene between individuals of as given species. Poly-
morphic variants also may encompass “single nucleotide
polymorphisms” (SNPs,) or single base mutations in which
the polynucleotide sequence varies by one base. The presence
of SNPs may be indicative of, for example, a certain popula-
tion with a propensity for a disease state, that is susceptibility
versus resistance.

Derivative polynucleotides include nucleic acids subjected
to chemical modification, for example, replacement of hydro-
gen by an alkyl, acyl, or amino group. Derivatives, e.g.,
derivative oligonucleotides, may comprise non-naturally-oc-
curring portions, such as altered sugar moieties or inter-sugar
linkages. Exemplary among these are phosphorothioate and
other sulfur containing species which are known in the art.
Derivative nucleic acids may also contain labels, including
radionucleotides, enzymes, fluorescent agents, chemilumi-
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nescent agents, chromogenic agents, substrates, cofactors,
inhibitors, magnetic particles, and the like.

A “derivative” polypeptide or peptide is one that is modi-
fied, for example, by glycosylation, pegylation, phosphory-
lation, sulfation, reduction/alkylation, acylation, chemical
coupling, or mild formalin treatment. A derivative may also
be modified to contain a detectable label, either directly or
indirectly, including, but not limited to, a radioisotope, fluo-
rescent, and enzyme label.

As used herein, the term “animal” or “patient” is meant to
include, for example, humans, sheep, elks, deer, mule deer,
minks, mammals, monkeys, horses, cattle, pigs, goats, dogs,
cats, rats, mice, birds, chicken, reptiles, fish, insects and
arachnids.

“Mammal” covers warm blooded mammals that are typi-
cally under medical care (e.g., humans and domesticated
animals). Examples include feline, canine, equine, bovine,
and human, as well as just human.

“Treating” or “treatment” covers the treatment of a dis-
ease-state in a mammal, and includes: (a) preventing the
disease-state from occurring ina mammal, in particular, when
such mammal is predisposed to the disease-state but has not
yet been diagnosed as having it; (b) inhibiting the disease-
state, e.g., arresting it development; and/or (c) relieving the
disease-state, e.g., causing regression of the disease state until
adesired endpoint is reached. Treating also includes the ame-
lioration of a symptom of a disease (e.g., lessen the pain or
discomfort), wherein such amelioration may or may not be
directly affecting the disease (e.g., cause, transmission,
expression, etc.).

As used herein, the term “cancer” refers to any malignant
tumor, particularly arising in the lung, kidney, or thyroid. The
cancer manifests itself as a “tumor” or tissue comprising
malignant cells of the cancer. Examples of tumors include
sarcomas and carcinomas such as, but not limited to: fibrosa-
rcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteo-
genic sarcoma, chordoma, angiosarcoma, endotheliosar-
coma, lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing’s tumor, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, pancreatic cancer,
breast cancer, ovarian cancer, prostate cancer, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat
gland carcinoma, sebaceous gland carcinoma, papillary car-
cinoma, papillary adenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal cell
carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
seminoma, embryonal carcinoma, Wilms’ tumor, cervical
cancer, testicular tumor, lung carcinoma, small cell lung car-
cinoma, bladder carcinoma, epithelial carcinoma, glioma,
astrocytoma, medulloblastoma, craniopharyngioma, ependy-
moma, pinealoma, hemangioblastoma, acoustic neuroma,
oligodendroglioma, meningioma, melanoma, neuroblas-
toma, and retinoblastoma. As noted above, the invention spe-
cifically permits differential diagnosis of lung, kidney, and
thyroid tumors.

Polynucleotide and Oligonucleotide Compositions and Mol-
ecules

Targets: In one embodiment, the targets comprise nucleic
acid sequences of Vascular Endothelial Growth Factor
(VEGF), including without limitation sense and/or antisense
noncoding and/or coding sequences associated with VEGFE.

Vascular Endothelial Growth Factor (VEGF) is a potent
stimulating factor for angiogenesis and vascular permeabil-
ity. There are eight isoforms with different and sometimes
overlapping functions. The mechanisms of action are under
investigation with emerging insights into overlapping path-
ways and cross-talk between other receptors such as the neu-
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rophilins, which were not previously associated to angiogen-
esis. VEGF has important physiological actions on the
embryonic development, healing and menstrual cycle. It has
also a great role in pathological conditions that are associated
to autoimmune diseases.

Exemplary Vascular Endothelial Growth Factor mediated
diseases and disorders which can be treated with cell/tissues
regenerated from stem cells obtained using the antisense
compounds comprise diseases that are characterized by
excessive vascular endothelial cell proliferation; cardiovas-
cular diseases which results from a cardiovascular insuffi-
ciency, (e.g., coronary artery disease, congestive heart failure,
and peripheral vascular disease); Conditions that are charac-
terized or caused by abnormal or excessive angiogenesis,
include, but are not limited to: cancer (e.g., activation of
oncogenes, loss of tumor suppressors); infectious diseases
(e.g., pathogens express angiogenic genes, enhance angio-
genic programs); autoimmune disorders (e.g., activation of
mast cells and other leukocytes), including rheumatoid arthri-
tis; vascular malformations (e.g., Tie-2 mutation); DiGeorge
syndrome (e.g., low VEGF and neuropilin-1 expression);
HHT (e.g., mutations of endoglin or LK-1), cavernous
hemangioma (e.g., loss of Cx37 and Cx40); atherosclerosis;
transplant ateriopathy; obesity (e.g., angiogenesis induced by
fatty diet, weight loss by angiogenesis inhibitors); psoriasis;
warts; allergic dermatitis; scar keloids; pyogenic granulomas;
blistering disease; Kaposi sarcoma in AIDS patients; persis-
tent hyperplastic vitreous syndrome (e.g., loss of Ang-2 or
VEGF164); Autosomal dominant polycystic kidney disease
(ADPKD); diabetic retinopathy; retinopathy of prematurity;
age related macular degeneration; choroidal neovasculariza-
tion (e.g., TIMP-3 mutation); primary pulmonary hyperten-
sion (e.g., germline BMPR-2 mutation, somatic EC muta-
tion); asthma; nasal polyps; inflammatory bowel disease;
nerve injury, brain injury and Neurodegenerative disorders
(e.g. Alzheimer’s disease, Parkinson’s disease, amyotrophic
lateral sclerosis etc.); periodontal disease; ascites; peritoneal
adhesions; endometriosis; uterine bleeding; ovarian cysts;
ovarian hyperstimulation; arthritis; synovitis; osteomyelitis;
and/or osteophyte formation; ulceration; verruca vulgaris;
angiofibroma of tuberous sclerosis; pot-wine stains; Sturge
Weber syndrome; Kippel-Trenaunay-Weber syndrome;
Osler-Weber-Rendu syndrome and any other diseases or con-
ditions that are related to the levels of VEGF-R in a cell or
tissue.

In a preferred embodiment, the oligonucleotides are spe-
cific for polynucleotides of VEGF, which includes, without
limitation noncoding regions. The VEGF targets comprise
variants of VEGF; mutants of VEGF, including SNPs; non-
coding sequences of VEGF; alleles, fragments and the like.
Preferably the oligonucleotide is an antisense RNA molecule.

In accordance with embodiments of the invention, the tar-
get nucleic acid molecule is not limited to VEGF polynucle-
otides alone but extends to any of the isoforms, receptors,
homologs, non-coding regions and the like of VEGF.

In another preferred embodiment, an oligonucleotide tar-
gets a natural antisense sequence (natural antisense to the
coding and non-coding regions) of VEGF targets, including,
without limitation, variants, alleles, homologs, mutants,
derivatives, fragments and complementary sequences
thereto. Preferably the oligonucleotide is an antisense RNA
or DNA molecule.

In another preferred embodiment, the oligomeric com-
pounds of the present invention also include variants in which
a different base is present at one or more of the nucleotide
positions in the compound. For example, if the first nucleotide
is an adenine, variants may be produced which contain thy-
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midine, guanosine, cytidine or other natural or unnatural
nucleotides at this position. This may be done at any of the
positions of the antisense compound. These compounds are
then tested using the methods described herein to determine
their ability to inhibit expression of a target nucleic acid.

In some embodiments, homology, sequence identity or
complementarity, between the antisense compound and tar-
get is from about 50% to about 60%. In some embodiments,
homology, sequence identity or complementarity, is from
about 60% to about 70%. In some embodiments, homology,
sequence identity or complementarity, is from about 70% to
about 80%. In some embodiments, homology, sequence iden-
tity or complementarity, is from about 80% to about 90%. In
some embodiments, homology, sequence identity or comple-
mentarity, is about 90%, about 92%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99% or about
100%.

An antisense compound is specifically hybridizable when
binding of the compound to the target nucleic acid interferes
with the normal function of the target nucleic acid to cause a
loss of activity, and there is a sufficient degree of complemen-
tarity to avoid non-specific binding of the antisense com-
pound to non-target nucleic acid sequences under conditions
in which specific binding is desired. Such conditions include,
i.e., physiological conditions in the case of in vivo assays or
therapeutic treatment, and conditions in which assays are
performed in the case of in vitro assays.

An antisense compound, whether DNA, RNA, chimeric,
substituted etc, is specifically hybridizable when binding of
the compound to the target DNA or RNA molecule interferes
with the normal function of the target DNA or RNA to cause
a loss of utility, and there is a sufficient degree of comple-
mentarily to avoid non-specific binding of the antisense com-
pound to non-target sequences under conditions in which
specific binding is desired, i.e., under physiological condi-
tions in the case of in vivo assays or therapeutic treatment, and
in the case of in vitro assays, under conditions in which the
assays are performed.

In another preferred embodiment, targeting of VEGF
including without limitation, antisense sequences which are
identified and expanded, using for example, PCR, hybridiza-
tion etc., one or more of the sequences set forth as SEQ ID
NO.: 2, and the like, modulate the expression or function of
VEGF. In one embodiment, expression or function is up-
regulated as compared to a control. In another preferred
embodiment, expression or function is down-regulated as
compared to a control.

In another preferred embodiment, oligonucleotides com-
prise nucleic acid sequences set forth as SEQ ID NOS: 4t0 9
including antisense sequences which are identified, and
expanded, using for example, PCR, hybridization etc. These
oligonucleotides can comprise one or more modified nucle-
otides, shorter or longer fragments, modified bonds and the
like. Examples of modified bonds or internucleotide linkages
comprise phosphorothioate, phosphorodithioate or the like.
In another preferred embodiment, the nucleotides comprise a
phosphorus derivative. The phosphorus derivative (or modi-
fied phosphate group) which may be attached to the sugar or
sugar analog moiety in the modified oligonucleotides of the
present invention may be a monophosphate, diphosphate,
triphosphate, alkylphosphate, alkanephosphate, phospho-
rothioate and the like. The preparation of the above-noted
phosphate analogs, and their incorporation into nucleotides,
modified nucleotides and oligonucleotides, per se, is also
known and need not be described here.

The specificity and sensitivity of antisense is also har-
nessed by those of skill in the art for therapeutic uses. Anti-
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sense oligonucleotides have been employed as therapeutic
moieties in the treatment of disease states in animals and man.
Antisense oligonucleotides have been safely and effectively
administered to humans and numerous clinical trials are pres-
ently underway. It is thus established that oligonucleotides
can be useful therapeutic modalities that can be configured to
be useful in treatment regimes for treatment of cells, tissues
and animals, especially humans.

In embodiments of the present invention oligomeric anti-
sense compounds, particularly oligonucleotides, bind to tar-
get nucleic acid molecules and modulate the expression and/
or function of molecules encoded by a target gene. The
functions of DNA to be interfered comprise, for example,
replication and transcription. The functions of RNA to be
interfered comprise all vital functions such as, for example,
translocation of the RNA to the site of protein translation,
translation of protein from the RNA, splicing of the RNA to
yield one or more mRNA species, and catalytic activity which
may be engaged in or facilitated by the RNA. The functions
may be up-regulated or inhibited depending on the functions
desired.

The antisense compounds include antisense oligomeric
compounds, antisense oligonucleotides, external guide
sequence (EGS) oligonucleotides, alternate splicers, primers,
probes, and other oligomeric compounds that hybridize to at
least a portion of the target nucleic acid. As such, these com-
pounds may be introduced in the form of single-stranded,
double-stranded, partially single-stranded, or circular oligo-
meric compounds.

Targeting an antisense compound to a particular nucleic
acid molecule, in the context of this invention, can be a
multistep process. The process usually begins with the iden-
tification of a target nucleic acid whose function is to be
modulated. This target nucleic acid may be, for example, a
cellular gene (or mRNA transcribed from the gene) whose
expression is associated with a particular disorder or disease
state, or a nucleic acid molecule from an infectious agent. In
the present invention, the target nucleic acid encodes Vascular
Endothelial Growth Factor (VEGF).

The targeting process usually also includes determination
of at least one target region, segment, or site within the target
nucleic acid for the antisense interaction to occur such that the
desired effect, e.g., modulation of expression, will result.
Within the context of the present invention, the term “region”
is defined as a portion of the target nucleic acid having at least
one identifiable structure, function, or characteristic. Within
regions of target nucleic acids are segments. “Segments” are
defined as smaller or sub-portions of regions within a target
nucleic acid. “Sites,” as used in the present invention, are
defined as positions within a target nucleic acid.

In a preferred embodiment, the antisense oligonucleotides
bind to the natural antisense sequences of Vascular Endothe-
lial Growth Factor (VEGF) and modulate the expression and/
or function of Vascular Endothelial Growth Factor (VEGF)
(SEQ ID NO: 1). Examples of antisense sequences include
SEQID NOS: 2 to0 9.

In another preferred embodiment, the antisense oligo-
nucleotides bind to one or more segments of Vascular Endot-
helial Growth Factor (VEGF) polynucleotides and modulate
the expression and/or function of Vascular Endothelial
Growth Factor (VEGF). The segments comprise at least five
consecutive nucleotides of the Vascular Endothelial Growth
Factor (VEGF) sense or antisense polynucleotides.

In another preferred embodiment, the antisense oligo-
nucleotides are specific for natural antisense sequences of
Vascular Endothelial Growth Factor (VEGF) wherein bind-
ing of the oligonucleotides to the natural antisense sequences
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of Vascular Endothelial Growth Factor (VEGF) modulate
expression and/or function of Vascular Endothelial Growth
Factor (VEGF).

In another preferred embodiment, oligonucleotide com-
pounds comprise sequences set forth as SEQ ID NOS: 410 9,
antisense sequences which are identified and expanded, using
for example, PCR, hybridization etc. These oligonucleotides
can comprise one or more modified nucleotides, shorter or
longer fragments, modified bonds and the like. Examples of
modified bonds or internucleotide linkages comprise phos-
phorothioate, phosphorodithioate or the like. In another pre-
ferred embodiment, the nucleotides comprise a phosphorus
derivative. The phosphorus derivative (or modified phosphate
group) which may be attached to the sugar or sugar analog
moiety in the modified oligonucleotides of the present inven-
tion may be a monophosphate, diphosphate, triphosphate,
alkylphosphate, alkanephosphate, phosphorothioate and the
like. The preparation of the above-noted phosphate analogs,
and their incorporation into nucleotides, modified nucle-
otides and oligonucleotides, per se, is also known and need
not be described here.

Since, as is known in the art, the translation initiation codon
is typically 5'-AUG (in transcribed mRNA molecules;
5'-ATG in the corresponding DNA molecule), the translation
initiation codon is also referred to as the “AUG codon,” the
“start codon” or the “AUG start codon”. A minority of genes
has a translation initiation codon having the RNA sequence
5'-GUG, 5-UUG or 5'-CUG; and 5-AUA, 5'-ACG and
5'-CUG have been shown to function in vivo. Thus, the terms
“translation initiation codon” and “start codon” can encom-
pass many codon sequences, even though the initiator amino
acid in each instance is typically methionine (in eukaryotes)
or formylmethionine (in prokaryotes). Eukaryotic and
prokaryotic genes may have two or more alternative start
codons, any one of which may be preferentially utilized for
translation initiation in a particular cell type or tissue, or
under a particular set of conditions. In the context of the
invention, “start codon” and ‘“translation initiation codon”
refer to the codon or codons that are used in vivo to initiate
translation of an mRNA transcribed from a gene encoding
Vascular Endothelial Growth Factor (VEGF), regardless of
the sequence(s) of such codons. A translation termination
codon (or “stop codon”) of a gene may have one of three
sequences, i.e., 5'-UAA, 5'-UAG and 5'-UGA (the corre-
sponding DNA sequences are 5'-TAA, 5'-TAG and 5'-TGA,
respectively).

The terms “start codon region” and “translation initiation
codonregion” refer to a portion of such an mRNA or gene that
encompasses from about 25 to about 50 contiguous nucle-
otides in either direction (i.e., 5' or 3") from a translation
initiation codon. Similarly, the terms “stop codon region” and
“translation termination codon region” refer to a portion of
such an mRNA or gene that encompasses from about 25 to
about 50 contiguous nucleotides in either direction (i.e., 5' or
3" from a translation termination codon. Consequently, the
“start codon region” (or “translation initiation codon region™)
and the “stop codon region” (or “translation termination
codon region”) are all regions that may be targeted effectively
with the antisense compounds of the present invention.

The open reading frame (ORF) or “coding region,” which
is known in the art to refer to the region between the transla-
tion initiation codon and the translation termination codon, is
also a region which may be targeted effectively. Within the
context of the present invention, a targeted region is the
intragenic region encompassing the translation initiation or
termination codon of the open reading frame (ORF) of a gene.
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Another target region includes the 5' untranslated region
(5'UTR), known in the art to refer to the portion of an mRNA
in the 5' direction from the translation initiation codon, and
thus including nucleotides between the 5' cap site and the
translation initiation codon of an mRNA (or corresponding
nucleotides on the gene). Still another target region includes
the 3' untranslated region (3'UTR), known in the art to refer to
the portion of an mRNA in the 3' direction from the transla-
tion termination codon, and thus including nucleotides
between the translation termination codon and 3' end of an
mRNA (or corresponding nucleotides on the gene). The 5' cap
site of an mRNA comprises an N7-methylated guanosine
residue joined to the 5'-most residue of the mRNA via a 5'-5'
triphosphate linkage. The 5' cap region of an mRNA is con-
sidered to include the 5' cap structure itself as well as the first
50 nucleotides adjacent to the cap site. Another target region
for this invention is the 5' cap region.

Although some eukaryotic mRNA transcripts are directly
translated, many contain one or more regions, known as
“introns,” which are excised from a transcript before it is
translated. The remaining (and therefore translated) regions
are known as “exons” and are spliced together to form a
continuous mRNA sequence. In one embodiment, targeting
splice sites, i.e., intron-exon junctions or exon-intron junc-
tions, is particularly useful in situations where aberrant splic-
ing is implicated in disease, or where an overproduction of a
particular splice product is implicated in disease. An aberrant
fusion junction due to rearrangement or deletion is another
embodiment of a target site. mRNA transcripts produced via
the process of splicing of two (or more) mRNAs from differ-
ent gene sources are known as “fusion transcripts”. Introns
can be effectively targeted using antisense compounds tar-
geted to, for example, DNA or pre-mRNA.

In another preferred embodiment, the antisense oligo-
nucleotides bind to coding and/or non-coding regions of a
target polynucleotide and modulate the expression and/or
function of the target molecule.

In another preferred embodiment, the antisense oligo-
nucleotides bind to natural antisense polynucleotides and
modulate the expression and/or function of the target mol-
ecule.

In another preferred embodiment, the antisense oligo-
nucleotides bind to sense polynucleotides and modulate the
expression and/or function of the target molecule.

Alternative RNA transcripts can be produced from the
same genomic region of DNA. These alternative transcripts
are generally known as “variants”. More specifically, “pre-
mRNA variants” are transcripts produced from the same
genomic DNA that differ from other transcripts produced
from the same genomic DNA in either their start or stop
position and contain both intronic and exonic sequence.

Upon excision alone or more exon or intron regions, or
portions thereof during splicing, pre-mRNA variants produce
smaller “mRNA variants”. Consequently, mRNA variants are
processed pre-mRNA variants and each unique pre-mRNA
variant must always produce a unique mRNA variant as a
result of splicing. These mRNA variants are also known as
“alternative splice variants”. If no splicing of the pre-mRNA
variant occurs then the pre-mRNA variant is identical to the
mRNA variant.

Variants can be produced through the use of alternative
signals to start or stop transcription. Pre-mRNAs and mRNAs
can possess more than one start codon or stop codon. Variants
that originate from a pre-mRNA or mRNA that use alternative
start codons are known as “alternative start variants” of that
pre-mRNA or mRNA. Those transcripts that use an alterna-
tive stop codon are known as “alternative stop variants” of
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that pre-mRNA or mRNA. One specific type of alternative
stop variant is the “polyA variant” in which the multiple
transcripts produced result from the alternative selection of
one of the “polyA stop signals” by the transcription machin-
ery, thereby producing transcripts that terminate at unique
polyA sites. Within the context of the invention, the types of
variants described herein are also embodiments of target
nucleic acids.

The locations on the target nucleic acid to which the anti-
sense compounds hybridize are defined as at least a S-nucle-
otide long portion of a target region to which an active anti-
sense compound is targeted.

While the specific sequences of certain exemplary target
segments are set forth herein, one of skill in the art will
recognize that these serve to illustrate and describe particular
embodiments within the scope of the present invention. Addi-
tional target segments are readily identifiable by one having
ordinary skill in the art in view of this disclosure.

Target segments 5-100 nucleotides in length comprising a
stretch of at least five (5) consecutive nucleotides selected
from within the illustrative preferred target segments are con-
sidered to be suitable for targeting as well.

Target segments can include DNA or RNA sequences that
comprise at least the 5 consecutive nucleotides from the
S'-terminus of one of the illustrative preferred target segments
(the remaining nucleotides being a consecutive stretch of the
same DNA or RNA beginning immediately upstream of the
S'-terminus of the target segment and continuing until the
DNA or RNA contains about 5 to about 100 nucleotides).
Similarly preferred target segments are represented by DNA
or RNA sequences that comprise at least the 5 consecutive
nucleotides from the 3'-terminus of one of the illustrative
preferred target segments (the remaining nucleotides being a
consecutive stretch of the same DNA or RNA beginning
immediately downstream of the 3'-terminus of the target seg-
ment and continuing until the DNA or RNA contains about 5
to about 100 nucleotides). One having skill in the art armed
with the target segments illustrated herein will be able, with-
out undue experimentation, to identify further preferred tar-
get segments.

Once one or more target regions, segments or sites have
been identified, antisense compounds are chosen which are
sufficiently complementary to the target, i.e., hybridize suf-
ficiently well and with sufficient specificity, to give the
desired effect.

In embodiments of the invention the oligonucleotides bind
to an antisense strand of a particular target. The oligonucle-
otides are at least 5 nucleotides in length and can be synthe-
sized so each oligonucleotide targets overlapping sequences
such that oligonucleotides are synthesized to cover the entire
length of the target polynucleotide. The targets also include
coding as well as non coding regions.

In one embodiment, it is preferred to target specific nucleic
acids by antisense oligonucleotides. Targeting an antisense
compound to a particular nucleic acid, is a multistep process.
The process usually begins with the identification of a nucleic
acid sequence whose function is to be modulated. This may
be, for example, a cellular gene (or mRNA transcribed from
the gene) whose expression is associated with a particular
disorder or disease state, or a non coding polynucleotide such
as for example, non coding RNA (ncRNA).

RNAs can be classified into (1) messenger RNAs (mR-
NAs), which are translated into proteins, and (2) non-protein-
coding RNAs (ncRNAs). ncRNAs comprise microRNAs,
antisense transcripts and other Transcriptional Units (TU)
containing a high density of stop codons and lacking any
extensive “Open Reading Frame”. Many ncRNAs appear to
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start from initiation sites in 3' untranslated regions (3'UTRs)
of protein-coding loci. ncRNAs are often rare and at least half
of the ncRNAs that have been sequenced by the FANTOM
consortium seem not to be polyadenylated. Most researchers
have for obvious reasons focused on polyadenylated mRNAs
that are processed and exported to the cytoplasm. Recently, it
was shown that the set of non-polyadenylated nuclear RNAs
may be very large, and that many such transcripts arise from
so-called intergenic regions (Cheng, J. et al. (2005) Science
308 (5725), 1149-1154; Kapranov, P. et al. (2005), Genome
Res 15 (7), 987-997). The mechanism by which ncRNAs may
regulate gene expression is by base pairing with target tran-
scripts. The RNAs that function by base pairing can be
grouped into (1) cis encoded RNAs that are encoded at the
same genetic location, but on the opposite strand to the RNAs
the act upon and therefore display perfect complementarity to
their target, and (2) trans-encoded RNAs that are encoded at
achromosomal location distinct from the RNAs they actupon
and generally do not exhibit perfect base-pairing potential
with their targets.

Without wishing to be bound by theory, perturbation of an
antisense polynucleotide by the antisense oligonucleotides
described herein can alter the expression of the corresponding
sense messenger RNAs. However, this regulation can either
be discordant (antisense knockdown results in messenger
RNA elevation) or concordant (antisense knockdown results
in concomitant messenger RNA reduction). In these eases,
antisense oligonucleotides can be targeted to overlapping or
non-overlapping parts of the antisense transcript resulting in
its knockdown or sequestration. Coding as well as non-cod-
ing antisense can be targeted in an identical manner and that
either category is capable of regulating the corresponding
sense transcripts—either in a concordant or disconcordant
manner. The strategies that are employed in identifying new
oligonucleotides for use against a target can be based on the
knockdown of antisense RNA transcripts by antisense oligo-
nucleotides or any other means of modulating the desired
target.

Strategy 1: In the case of discordant regulation, knocking
down the antisense transcript elevates the expression of the
conventional (sense) gene. Should that latter gene encode for
a known or putative drug target, then knockdown of its anti-
sense counterpart could conceivably mimic the action of a
receptor agonist or an enzyme stimulant.

Strategy 2: In the case of concordant regulation, one could
concomitantly knock down both antisense and sense tran-
scripts and thereby achieve synergistic reduction of the con-
ventional (sense) gene expression. If, for example, an anti-
sense oligonucleotide is used to achieve knockdown, then this
strategy can be used to apply one antisense oligonucleotide
targeted to the sense transcript and another antisense oligo-
nucleotide to the corresponding antisense transcript, or a
single energetically symmetric antisense oligonucleotide that
simultaneously targets overlapping sense and antisense tran-
scripts.

According to the present invention, antisense compounds
include antisense oligonucleotides, ribozymes, external
guide sequence (EGS) oligonucleotides, siRNA compounds,
single- or double-stranded RNA interference (RNAi) com-
pounds such as siRNA compounds, and other oligomeric
compounds which hybridize to at least a portion of the target
nucleic acid and modulate its function. As such, they may be
DNA, RNA, DNA-like, RNA-like, or mixtures thereof, or
may be mimetics of one or more of these. These compounds
may be single-stranded, doublestranded, circular or hairpin
oligomeric compounds and may contain structural elements
such as internal or terminal bulges, mismatches or loops.
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Antisense compounds are routinely prepared linearly but can
be joined or otherwise prepared to be circular and/or
branched. Antisense compounds can include constructs such
as, for example, two strands hybridized to form a wholly or
partially double-stranded compound or a single strand with
sufficient self-complementarity to allow for hybridization
and formation of a fully or partially double-stranded com-
pound. The two strands can be linked internally leaving free 3'
or 5' termini or can be linked to form a continuous hairpin
structure or loop. The hairpin structure may contain an over-
hang on either the 5' or 3' terminus producing an extension of
single stranded character. The double stranded compounds
optionally can include overhangs on the ends. Further modi-
fications can include conjugate groups attached to one of the
termini, selected nucleotide positions, sugar positions or to
one of the internucleoside linkages. Alternatively, the two
strands can be linked via a non-nucleic acid moiety or linker
group. When formed from only one strand, dsRNA can take
the form of a self-complementary hairpin-type molecule that
doubles back on itselfto form a duplex. Thus, the dsSRNAs can
be fully or partially double stranded. Specific modulation of
gene expression can be achieved by stable expression of
dsRNA hairpins in transgenic cell lines, however, in some
embodiments, the gene expression or function is up regulated.
When formed from two strands, or a single strand that takes
the form of a self-complementary hairpin-type molecule
doubled back on itself to form a duplex, the two strands (or
duplex-forming regions of a single strand) are complemen-
tary RNA strands that base pair in Watson-Crick fashion.

Once introduced to a system, the compounds of the inven-
tion may elicit the action of one or more enzymes or structural
proteins to effect cleavage or other modification of the target
nucleic acid or may work via occupancy-based mechanisms.
In general, nucleic acids (including oligonucleotides) may be
described as “DNA-like” (i.e., generally having one or more
2'-deoxy sugars and, generally, T rather than U bases) or
“RNA-like” (i.e., generally having one or more 2'-hydroxyl or
2'-modified sugars and, generally U rather than T bases).
Nucleic acid helices can adopt more than one type of struc-
ture, most commonly the A- and B-forms. It is believed that,
in general, oligonucleotides which have B-form-like struc-
ture are “DNA-like” and those which have A-formlike struc-
ture are “RNA-like.” In some (chimeric) embodiments, an
antisense compound may contain both A- and B-form
regions.

In another preferred embodiment, the desired oligonucle-
otides or antisense compounds, comprise at least one of:
antisense RNA, antisense DNA, chimeric antisense oligo-
nucleotides, antisense oligonucleotides comprising modified
linkages, interference RNA (RNA1), short interfering RNA
(siRNA); a micro, interfering RNA (miRNA); a small, tem-
poral RNA (stRNA); or a short, hairpin RNA (shRNA); small
RNA-induced gene activation (RNAa); small activating
RNAs (saRNAs), or combinations thereof.

dsRNA can also activate gene expression, a mechanism
that has been termed “small RNA-induced gene activation” or
RNAa. dsRNAs targeting gene promoters induce potent tran-
scriptional activation of associated genes. RNAa was demon-
strated in human cells using synthetic dsRNAs, termed “small
activating RNAs” (saRNAs). It is currently not known
whether RNAa is conserved in other organisms.

Small double-stranded RNA (dsRNA), such as small inter-
fering RNA (siRNA) and microRNA (miRNA), have been
found to be the trigger of an evolutionary conserved mecha-
nism known as RNA interference (RNAi). RNAI invariably
leads to gene silencing via remodeling chromatin to thereby
suppress transcription, degrading complementary mRNA, or
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blocking protein translation. However, in instances described
in detail in the examples section which follows, oligonucle-
otides are shown to increase the expression and/or function of
the Vascular Endothelial Growth Factor (VEGF) polynucle-
otides and encoded products thereof. dsSRNAs may also act as
small activating RNAs (saRNA). Without wishing to be
bound by theory, by targeting sequences in gene promoters,
saRNAs would induce target gene expression in a phenom-
enon referred to as dsSRNA-induced transcriptional activation
(RNAa).

In a further embodiment, the “preferred target segments”
identified herein may be employed in a screen for additional
compounds that modulate the expression of Vascular Endot-
helial Growth Factor (VEGF) polynucleotides. “Modulators”
are those compounds that decrease or increase the expression
of a nucleic acid molecule encoding Vascular Endothelial
Growth Factor (VEGF) and which comprise at least a
S-nucleotide portion that is complementary to a preferred
target segment. The screening method comprises the steps of
contacting a preferred target segment of a nucleic acid mol-
ecule encoding sense or natural antisense polynucleotides of
Vascular Endothelial Growth Factor (VEGF) with one or
more candidate modulators, and selecting for one or more
candidate modulators which decrease or increase the expres-
sion of a nucleic acid molecule encoding Vascular Endothe-
lial Growth Factor (VEGF) polynucleotides, e.g. SEQ ID
NOS: 4 to 9 Once it is shown that the candidate modulator or
modulators are capable of modulating (e.g. either decreasing
or increasing) the expression of a nucleic acid molecule
encoding Vascular Endothelial Growth Factor (VEGF) poly-
nucleotides, the modulator may then be employed in further
investigative studies of the function of Vascular Endothelial
Growth Factor (VEGF) polynucleotides, or for use as a
research, diagnostic, or therapeutic agent in accordance with
the present invention.

Targeting the natural antisense sequence preferably modu-
lates the function of the target gene. For example, the VEGF
gene (NM_001025366.1, FIG. 2). In a preferred embodi-
ment, the target is an antisense polynucleotide of the Vascular
Endothelial Growth Factor A gene. In a preferred embodi-
ment, an antisense oligonucleotide targets sense and/or natu-
ral antisense sequences of Vascular Endothelial Growth Fac-
tor (VEGF) polynucleotides (e.g. accession number
(NM_001025366.1, FIG. 2), variants, alleles, isoforms,
homologs, mutants, derivatives, fragments and complemen-
tary sequences thereto. Preferably the oligonucleotide is an
antisense molecule and the targets include coding and non-
coding regions of antisense and/or sense VEGF polynucle-
otides.

The preferred target segments of the present invention may
be also be combined with their respective complementary
antisense compounds of the present invention to form stabi-
lized double-stranded (duplexed) oligonucleotides.

Such double stranded oligonucleotide moieties have been
shown in the art to modulate target expression and regulate
translation as well as RNA processing via an antisense
mechanism. Moreover, the double-stranded moieties may be
subject to chemical modifications (Fire et al., (1998) Nature,
391, 806-811; Timmons and Fire, (1998) Nature, 395, 854;
Timmons et al., (2001) Gene, 263, 103-112; Tabara et al.,
(1998) Science, 282, 430-431; Montgomery et al., (1998)
Proc. Natl. Acad. Sci. US4, 95, 15502-15507; Tuschl et al.,
(1999) Genes Dev., 13, 3191-3197; Elbashir et al., (2001)
Nature, 411, 494-498; Elbashir et al., (2011) Genes Dev. 15,
188-200). For example, such double-stranded moieties have
been shown to inhibit the target by the classical hybridization
of antisense strand of the duplex to the target, thereby trig-

10

15

20

25

30

35

40

45

50

55

60

65

20
gering enzymatic degradation of the target (Tijsterman et al.,
(2002) Science, 295, 694-697).

In a preferred embodiment, an antisense oligonucleotide
targets Vascular Endothelial Growth Factor (VEGF) poly-
nucleotides (e.g. accession number NM_001025366.1), vari-
ants, alleles, isoforms, homologs, mutants, derivatives, frag-
ments and complementary sequences thereto. Preferably the
oligonucleotide is an antisense molecule.

In accordance with embodiments of the invention, the tar-
get nucleic acid molecule is not limited to Vascular Endothe-
lial Growth Factor (VEGF) alone but extends to any of the
isoforms, receptors, homologs and the like of Vascular Endot-
helial Growth Factor (VEGF) molecules.

In another preferred embodiment, an oligonucleotide tar-
gets a natural antisense sequence of VEGF polynucleotides,
for example, polynucleotides set forth as SEQ ID NOS: 2 and
3, and any variants, alleles, homologs, mutants, derivatives,
fragments and complementary sequences thereto. Examples
of antisense oligonucleotides are set forth as SEQ ID NOS: 4
t0 9.

In one embodiment, the oligonucleotides are complemen-
tary to or bind to nucleic acid sequences of Vascular Endot-
helial Growth Factor (VEGF) antisense, including without
limitation noncoding sense and/or antisense sequences asso-
ciated with Vascular Endothelial Growth Factor (VEGF)
polynucleotides and modulate expression and/or function of
Vascular Endothelial Growth Factor (VEGF) molecules.

In another preferred embodiment, the oligonucleotides are
complementary to or bind to nucleic acid sequences of VEGF
natural antisense, set forth as SEQ ID NOS: 2 and 3, and
modulate expression and/or function of VEGF molecules.

In a preferred embodiment, oligonucleotides comprise
sequences of at least 5 consecutive nucleotides of SEQ ID
NOS: 4 to 9 and modulate expression and/or function of
Vascular Endothelial Growth Factor (VEGF) molecules.

The polynucleotide targets comprise VEGE, including
family members thereof, variants of VEGF; mutants of
VEGF, including SNPs; noncoding sequences of VEGF; alle-
les of VEGF; species variants, fragments and the like. Pref-
erably the oligonucleotide is an antisense molecule.

In another preferred embodiment, the oligonucleotide tar-
geting Vascular Endothelial Growth Factor (VEGF) poly-
nucleotides, comprise: antisense RNA, interference RNA
(RNAI), short interfering RNA (siRNA); micro interfering
RNA (miRNA); a small, temporal RNA (stRNA); or a short,
hairpin RNA (shRNA); small RNA-induced gene activation
(RNAa); or, small activating RNA (saRNA).

In another preferred embodiment, targeting of Vascular
Endothelial Growth Factor (VEGF) polynucleotides, e.g.
SEQ ID NOS: 2 and 3, modulates the expression or function
of'these targets. In one embodiment, expression or function is
up-regulated as compared to a control. In another preferred
embodiment, expression or function is down-regulated as
compared to a control.

In another preferred embodiment, antisense compounds
comprise sequences set forth as SEQ ID NOS: 4 to 9. These
oligonucleotides can comprise one or more modified nucle-
otides, shorter or longer fragments, modified bonds and the
like.

In another preferred embodiment, SEQ ID NOS: 4 t0 9
comprise one or more LNA nucleotides.

The modulation of a desired target nucleic acid can be
carried out in several ways known in the art. For example,
antisense oligonucleotides, siRNA etc. Enzymatic nucleic
acid molecules (e.g., ribozymes) are nucleic acid molecules
capable of catalyzing one or more of a variety of reactions,
including the ability to repeatedly cleave other separate
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nucleic acid molecules in a nucleotide base sequence-specific
manner. Such enzymatic nucleic acid molecules can be used,
for example, to target virtually any RNA transcript (Zaug et
al., 324, Nature 429 1986; Cech, 260 J4MA 3030, 1988; and
Jefferies et al., 17 Nucleic Acids Research 1371, 1989).

Because of their sequence-specificity, trans-cleaving enzy-
matic nucleic acid molecules show promise as therapeutic
agents for human disease (Usman & McSwiggen, (1995)
Ann. Rep. Med. Chem. 30, 285-294; Christoffersen and Marr,
(1995) J. Med. Chem. 38, 2023-2037). Enzymatic nucleic
acid molecules can be designed to cleave specific RNA tar-
gets within the background of cellular RNA. Such a cleavage
event renders the mRNA non-functional and abrogates pro-
tein expression from that RNA. In this manner, synthesis of a
protein associated with a disease state can be selectively
inhibited.

In general, enzymatic nucleic acids with RNA cleaving
activity act by first binding to a target RNA. Such binding
occurs through the target binding portion of a enzymatic
nucleic acid which is held in close proximity to an enzymatic
portion of the molecule that acts to cleave the target RNA.
Thus, the enzymatic nucleic acid first recognizes and then
binds a target RNA through complementary base pairing, and
once bound to the correct site, acts enzymatically to cut the
target RNA. Strategic cleavage of such a target RNA will
destroy its ability to direct synthesis of an encoded protein.
After an enzymatic nucleic acid has bound and cleaved its
RNA target, it is released from that RNA to search for another
target and can repeatedly bind and cleave new targets.

Several approaches such as in vitro selection (evolution)
strategies (Orgel, (1979) Proc. R. Soc. London, B 205, 435)
have been used to evolve new nucleic acid catalysts capable of
catalyzing a variety of reactions, such as cleavage and ligation
of phosphodiester linkages and amide linkages, (Joyce,
(1989) Gene, 82, 83-87; Beaudry et al., (1992) Science 257,
635-641; Joyce, (1992) Scientific American 267, 90-97;
Breaker et al., (1994) TIBTECH 12, 268; Bartel et al., (1993)
Science 261:1411-1418; Szostak, (1993) 7IBS 17, 89-93,
Kumaretal., (1995) FASEB J. 9, 1183; Breaker, (1996) Curr.
Op. Biotech., 7, 442).

The development of ribozymes that are optimal for cata-
Iytic activity would contribute significantly to any strategy
that employs RNA-cleaving ribozymes for the purpose of
regulating gene expression. The hammerhead ribozyme, for
example, functions with a catalytic rate (kcat) of about 1
min-1 in the presence of saturating (10 mM) concentrations
of Mg2+ cofactor. An artificial “RNA ligase” ribozyme has
been shown to catalyze the corresponding self-modification
reaction with a rate of about 100 min-1. In addition, it is
known that certain modified hammerhead ribozymes that
have substrate binding arms made of DNA catalyze RNA
cleavage with multiple turn-over rates that approach 100 min-
1. Finally, replacement of a specific residue within the cata-
Iytic core of the hammerhead with certain nucleotide ana-
logues gives modified ribozymes that show as much as a
10-fold improvement in catalytic rate. These findings dem-
onstrate that ribozymes can promote chemical transforma-
tions with catalytic rates that are significantly greater than
those displayed in vitro by most natural self-cleaving
ribozymes. It is then possible that the structures of certain
selfcleaving ribozymes may be optimized to give maximal
catalytic activity, or that entirely new RNA motifs can be
made that display significantly faster rates for RNA phos-
phodiester cleavage.

Intermolecular cleavage of an RNA substrate by an RNA
catalyst that fits the “hammerhead” model was first shown in
1987 (Uhlenbeck, O. C. (1987) Nature, 328: 596-600). The
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RNA catalyst was recovered and reacted with multiple RNA
molecules, demonstrating that it was truly catalytic.

Catalytic RNAs designed based on the “hammerhead”
motif have been used to cleave specific target sequences by
making appropriate base changes in the catalytic RNA to
maintain necessary base pairing with the target sequences
(Haseloff and Gerlach, (1988) Nature, 334, 585; Walbot and
Bruening, (1988) Nature, 334, 196; Uhlenbeck, O. C. (1987)
Nature, 328: 596-600; Koizumi, M., et al. (1988) FEBS Lett.,
228: 228-230). This has allowed use of the catalytic RNA to
cleave specific target sequences and indicates that catalytic
RNAs designed according to the “hammerhead” model may
possibly cleave specific substrate RNAs in vivo. (see Haseloff
and Gerlach, (1988) Nature, 334, 585; Walbot and Bruening,
(1988) Nature, 334, 196; Uhlenbeck, O. C. (1987) Nature,
328: 596-600).

RNA interference (RNAi) has become a powerful tool for
modulating gene expression in mammals and mammalian
cells. This approach requires the delivery of small interfering
RNA (siRNA) either as RNA itself or as DNA, using an
expression plasmid or virus and the coding sequence for small
hairpin RNAs that are processed to siRNAs. This system
enables efficient transport of the pre-siRNAs to the cytoplasm
where they are active and permit the use of regulated and
tissue specific promoters for gene expression.

In a preferred embodiment, an oligonucleotide or antisense
compound comprises an oligomer or polymer of ribonucleic
acid (RNA) and/or deoxyribonucleic acid (DNA), or a
mimetic, chimera, analog or homolog thereof. This term
includes oligonucleotides composed of naturally occurring
nucleotides, sugars and covalent internucleoside (backbone)
linkages as well as oligonucleotides having non-naturally
occurring portions which function similarly. Such modified
or substituted oligonucleotides are often desired over native
forms because of desirable properties such as, for example,
enhanced cellular uptake, enhanced affinity for a target
nucleic acid and increased stability in the presence of
nucleases.

According to the present invention, the oligonucleotides or
“antisense compounds” include antisense oligonucleotides
(e.g. RNA, DNA, mimetic, chimera, analog or homolog
thereof), ribozymes, external guide sequence (EGS) oligo-
nucleotides, siRNA compounds, single- or double-stranded
RNA interference (RNAi) compounds such as siRNA com-
pounds, saRNA, aRNA, and other oligomeric compounds
which hybridize to at least a portion of the target nucleic acid
and modulate its function. As such, they may be DNA, RNA,
DNA-like, RNA-like, or mixtures thereof, or may be mimet-
ics of one of more of these. These compounds may be single-
stranded, double-stranded, circular or hairpin oligomeric
compounds and may contain structural elements such as
internal or terminal bulges, mismatches or loops. Antisense
compounds are routinely prepared linearly but can be joined
or otherwise prepared to be circular and/or branched. Anti-
sense compounds can include constructs such as, for
example, two strands hybridized to form a wholly or partially
double-stranded compound or a single strand with sufficient
self-complementarity to allow for hybridization and forma-
tion of a fully or partially double-stranded compound. The
two strands can be linked internally leaving free 3' or &'
termini or can be linked to form a continuous hairpin structure
or loop. The hairpin structure may contain an overhang on
either the 5' or 3' terminus producing an extension of single
stranded character. The double stranded compounds option-
ally can include overhangs on the ends. Further modifications
can include conjugate groups attached to one of the termini,
selected nucleotide positions, sugar positions or to one of the
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internucleoside linkages. Alternatively, the two strands can be
linked via a non-nucleic acid moiety or linker group. When
formed from only one strand, dsRNA can take the form of a
self-complementary hairpin-type molecule that doubles back
on itself to form a duplex. Thus, the dsRNAs can be fully or
partially double stranded. Specific modulation of gene
expression can be achieved by stable expression of dsRNA
hairpins in transgenic cell lines (Hammond et al., (1991) Nat.
Rev. Genet., 2, 110-119; Matzke et al., (2001) Curr. Opin.
Genet. Dev.,, 11, 221-227; Sharp, (2001) Genes Dev., 15,
485-490). When formed from two strands, or a single strand
that takes the form of a self-complementary hairpin-type
molecule doubled back on itself to form a duplex, the two
strands (or duplex-forming regions of a single strand) are
complementary RNA strands that base pair in Watson-Crick
fashion.

Once introduced to a system, the compounds of the inven-
tion may elicit the action of one or more enzymes or structural
proteins to effect cleavage or other modification of the target
nucleic acid or may work via occupancy-based mechanisms.
In general, nucleic acids (including oligonucleotides) may be
described as “DNA-like” (i.e., generally having one or more
2'-deoxy sugars and, generally, T rather than U bases) or
“RNA-like” (i.e., generally having one or more 2'-hydroxyl or
2'-modified sugars and, generally U rather than T bases).
Nucleic acid helices can adopt more than one type of struc-
ture, most commonly the A- and B-forms. It is believed that,
in general, oligonucleotides which have B-form-like struc-
ture are “DNA-like” and those which have A-formlike struc-
ture are “RNA-like.” In some (chimeric) embodiments, an
antisense compound may contain both A- and B-form
regions.

The antisense compounds in accordance with this inven-
tion can comprise an antisense portion from about 5 to about
80 nucleotides (i.e. from about 5 to about 80 linked nucleo-
sides) in length. This refers to the length of the antisense
strand or portion of the antisense compound. In other words,
a single-stranded antisense compound of the invention com-
prises from 5 to about 80 nucleotides, and a double-stranded
antisense compound of the invention (such as a dsRNA, for
example) comprises a sense and an antisense strand or portion
of'5 to about 80 nucleotides in length. One of ordinary skill in
the art will appreciate that this comprehends antisense por-
tions of 5, 6, 7.8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,31,32,33,34, 35,36, 37,
38,39,40,41,42,43,44,45,46,47,48,49,50,51, 52, 53, 54,
55,56,57,58,59,60,61,62,63, 64,65, 66,67, 68,69,70,71,
72,73,74,75,76,79, or 80 nucleotides in length, or any range
therewithin.

In one embodiment, the antisense compounds of the inven-
tion have antisense portions of 10 to 50 nucleotides in length.
One having ordinary skill in the art will appreciate that this
embodies oligonucleotides having antisense portions of 10,
11,12,13,14,15,16,17,18,19, 20,21, 22,23, 24, 25,26, 27,
28,29,30,31,32,33,34,35,36,37,38,39,40,41, 42,43, 44,
45, 46, 47, 48, 49, or 50 nucleotides in length, or any range
therewithin. In some embodiments, the oligonucleotides are
15 nucleotides in length.

In one embodiment, the antisense or oligonucleotide com-
pounds of the invention have antisense portions of 12 or 13 to
30 nucleotides in length. One having ordinary skill in the art
will appreciate that this embodies antisense compounds hav-
ing antisense portions of 12, 13, 14, 15,16, 17, 18, 19, 20, 21,
22,23, 24, 25, 26, 27, 28, 29 or 30 nucleotides in length, or
any range therewithin.

In another preferred embodiment, the oligomeric com-
pounds of the present invention also include variants in which
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a different base is present at one or more of the nucleotide
positions in the compound. For example, ifthe first nucleotide
is an adenosine, variants may be produced which contain
thymidine, guanosine or cytidine at this position. This may be
done at any of the positions of the antisense or dsSRNA com-
pounds. These compounds are then tested using the methods
described herein to determine their ability to inhibit expres-
sion of a target nucleic acid.

In some embodiments, homology, sequence identity or
complementarity, between the antisense compound and tar-
get is from about 40% to about 60%. In some embodiments,
homology, sequence identity or complementarity, is from
about 60% to about 70%. In some embodiments, homology,
sequence identity or complementarity, is from about 70% to
about 80%. In some embodiments, homology, sequence iden-
tity or complementarity, is from about 80% to about 90%. In
some embodiments, homology, sequence identity or comple-
mentarity, is about 90%, about 92%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99% or about
100%.

In another preferred embodiment, the antisense oligo-
nucleotides, such as for example, nucleic acid molecules set
forth in SEQ ID NOS: 4 to 9 comprise one or more substitu-
tions or modifications. In one embodiment, the nucleotides
are substituted with locked nucleic acids (LNA).

In another preferred embodiment, the oligonucleotides tar-
get one or more regions of the nucleic acid molecules sense
and/or antisense of coding and/or non-coding sequences
associated with VEGF and the sequences set forth as SEQ ID
NOS: 1 to 3. The oligonucleotides are also targeted to over-
lapping regions of SEQ ID NOS: 1 to 3.

Certain preferred oligonucleotides of this invention are
chimeric oligonucleotides. “Chimeric oligonucleotides™ or
“chimeras,” in the context of this invention, are oligonucle-
otides which contain two or more chemically distinct regions,
each made up of at least one nucleotide. These oligonucle-
otides typically contain at least one region of modified nucle-
otides that confers one or more beneficial properties (such as,
for example, increased nuclease resistance, increased uptake
into cells, increased binding affinity for the target) and a
region that is a substrate for enzymes capable of cleaving
RNA:DNA or RNA:RNA hybrids. By way of example,
RNase H is a cellular endonuclease which cleaves the RNA
strand of an RNA:DNA duplex. Activation of RNase H, there-
fore, results in cleavage of the RNA target, thereby greatly
enhancing the efficiency of antisense modulation of gene
expression. Consequently, comparable results can often be
obtained with shorter oligonucleotides when chimeric oligo-
nucleotides are used, compared to phosphorothioate deoxyo-
ligonucleotides hybridizing to the same target region. Cleav-
age of the RNA target can be routinely detected by gel
electrophoresis and, if necessary, associated nucleic acid
hybridization techniques known in the art. In one preferred
embodiment, a chimeric oligonucleotide comprises at least
one region modified to increase target binding affinity, and,
usually, a region that acts as a substrate for RNAse H. Affinity
of'an oligonucleotide for its target (in this case, a nucleic acid
encoding ras) is routinely determined by measuring the Tm of
an oligonucleotide/target pair, which is the temperature at
which the oligonucleotide and target dissociate; dissociation
is detected spectrophotometrically. The higher the Tm, the
greater is the affinity of the oligonucleotide for the target.

Chimeric antisense compounds of the invention may be
formed as composite structures of two or more oligonucle-
otides, modified oligonucleotides, oligonucleosides and/or
oligonucleotides mimetics as described above. Such; com-
pounds have also been referred to in the art as hybrids or
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gapmers. Representative United States patents that teach the
preparation of such hybrid structures comprise, but are not
limited to, U.S. Pat. Nos. 5,013,830, 5,149,797, 5,220,007,
5,256,775, 5,366,878; 5,403,711; 5,491,133; 5,565,350,
5,623,065; 5,652,355; 5,652,356; and 5,700,922, each of
which is herein incorporated by reference.

In another preferred embodiment, the region of the oligo-
nucleotide which is modified comprises at least one nucle-
otide modified at the 2' position of the sugar, most preferably
a 2'-Oalkyl, 2'-O-alkyl-O-alkyl or 2'-fluoro-modified nucle-
otide. In other preferred embodiments, RNA modifications
include 2'-fluoro, 2'-amino and 2' O-methyl modifications on
the ribose of pyrimidines, abasic residues or an inverted base
at the 3' end of the RNA. Such modifications are routinely
incorporated into oligonucleotides and these oligonucle-
otides have been shown to have a higher Tm (i.e., higher target
binding affinity) than; 2'-deoxyoligonucleotides against a
given target. The effect of such increased affinity is to greatly
enhance RNAI oligonucleotide inhibition of gene expression.
RNAse H is a cellular endonuclease that cleaves the RNA
strand of RNA:DNA duplexes; activation of this enzyme
therefore results in cleavage of the RNA target, and thus can
greatly enhance the efficiency of RNAI inhibition. Cleavage
of'the RNA target can be routinely demonstrated by gel elec-
trophoresis. In another preferred embodiment, the chimeric
oligonucleotide is also modified to enhance nuclease resis-
tance. Cells contain a variety of exo- and endo-nucleases
which can degrade nucleic acids. A number of nucleotide and
nucleoside modifications have been shown to make the oli-
gonucleotide into which they are incorporated more resistant
to nuclease digestion than the native oligodeoxynucleotide.
Nuclease resistance is routinely measured by incubating oli-
gonucleotides with cellular extracts or isolated nuclease solu-
tions and measuring the extent of intact oligonucleotide
remaining over time, usually by gel electrophoresis. Oligo-
nucleotides which have been modified to enhance their
nuclease resistance survive intact for a longer time than
unmodified oligonucleotides. A variety of oligonucleotide
modifications have been demonstrated to enhance or confer
nuclease resistance. Oligonucleotides which contain at least
one phosphorothioate modification are presently more pre-
ferred. In some cases, oligonucleotide modifications which
enhance target binding affinity are also, independently, able
to enhance nuclease resistance. Some desirable modifications
can be found in De Mesmaeker et al. (1995) Acc. Chem. Res.,
28:366-374.

Specific examples of some preferred oligonucleotides
envisioned for this invention include those comprising modi-
fied backbones, for example, phosphorothioates, phosphotri-
esters, methyl phosphonates, short chain alkyl or cycloalkyl
intersugar linkages or short chain heteroatomic or heterocy-
clic intersugar linkages. Most preferred are oligonucleotides
with phosphorothioate backbones and those with heteroatom
backbones, particularly CH2—NH—O—CH2, CH,
—N(CH3)—0—CH2 [known as a methylene(methylimino)
or MMI backbone], CH2—O—N(CH3)—CH2, CH2—N
(CH3)N(CH3)—CH2 and O—N(CH3)—CH2—CH2
backbones, wherein the native phosphodiester backbone is
represented as O—P—O—CH,). The amide backbones dis-
closed by De Mesmaeker et al. (1995) Acc. Chem. Res.
28:366-374 are also preferred. Also preferred are oligonucle-
otides having morpholino backbone structures (Summerton
and Weller, U.S. Pat. No. 5,034,506). In other preferred
embodiments, such as the peptide nucleic acid (PNA) back-
bone, the phosphodiester backbone of the oligonucleotide is
replaced with a polyamide backbone, the nucleotides being
bound directly or indirectly to the aza nitrogen atoms of the
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polyamide backbone (Nielsen et al. (1991) Science 254,
1497). Oligonucleotides may also comprise one or more sub-
stituted sugar moieties. Preferred oligonucleotides comprise
one of the following at the 2' position: OH, SH, SCH3, F,
OCN, OCH30CH3, OCH30O(CH2)nCH3, O(CH2)nNH2 or
O(CH2)nCH3 where n is from 1 to about 10; C1 to C10 lower
alkyl, alkoxyalkoxy, substituted lower alkyl, alkaryl or
aralkyl; CI; Br; CN; CF3; OCF3; O—, S—, or N-alkyl; O—,
S—, or N-alkenyl; SOCH3; SO2CH3; ONO2; NO2; N3;
NH2; heterocycloalkyl; heterocycloalkaryl; aminoalky-
lamino; polyalkylamino; substituted silyl; an RNA cleaving
group; a reporter group; an intercalator; a group for improv-
ing the pharmacokinetic properties of an oligonucleotide; or
a group for improving the pharmacodynamic properties of an
oligonucleotide and other substituents having similar proper-
ties. A preferred modification includes 2'-methoxyethoxy [2'-
O—CH2CH20CH3, also known as 2'-O-(2-methoxyethyl)]
(Martin et al., (1995) Helv. Chim. Acta, 78, 486). Other pre-
ferred modifications include 2'-methoxy (2'-O—CH3),
2'-propoxy (2'-OCH2CH2CH3) and 2'-fluoro (2'-F). Similar
modifications may also be made at other positions on the
oligonucleotide, particularly the 3' position of the sugar on the
3'terminal nucleotide and the 5' position of 5' terminal nucle-
otide. Oligonucleotides may also have sugar mimetics such as
cyclobutyls in place of the pentofuranosyl group.

Oligonucleotides may also include, additionally or alter-
natively, nucleobase (often referred to in the art simply as
“base”) modifications or substitutions. As used herein,
“unmodified” or “natural” nucleotides include adenine (A),
guanine (G), thymine (T), cytosine (C) and uracil (U). Modi-
fied nucleotides include nucleotides found only infrequently
or transiently in natural nucleic acids, e.g., hypoxanthine,
6-methyladenine, 5-Me pyrimidines, particularly 5-methyl-
cytosine (also referred to as S-methyl-2' deoxycytosine and
often referred to in the art as 5-Me-C), hydroxymethylcy-
tosine (HMC), glycosyl HMC and gentobiosyl HMC, as well
as synthetic nucleotides, e.g., 2-aminoadenine, 2-(methy-
lamino)adenine, 2-(imidazolylalkyl)adenine, 2-(aminoalk-
lyamino)adenine or other heterosubstituted alkyladenines,
2-thiouracil, 2-thiothymine, 5-bromouracil, 5-hydroxym-
ethyluracil, 8-azaguanine, 7-deazaguanine, N6 (6-amino-
hexyl)adenine and 2,6-diaminopurine. (Kornberg A., DNA
Replication, W. H. Freeman & Co., San Francisco, 1980, pp
75-77; Gebeyehu, G., (1987) etal. Nucl. Acids Res. 15:4513).
A “universal” base known in the art, e.g., inosine, may be
included, 5-Me-C substitutions have been shown to increase
nucleic acid duplex stability by 0.6-1.2° C. (Sanghvi, Y. S., in
Crooke, S. T. and Lebleu, B., eds., Antisense Research and
Applications, CRC Press, Boca Raton, 1993, pp. 276-278)
and are presently preferred base substitutions.

Another modification of the oligonucleotides of the inven-
tion involves chemically linking to the oligonucleotide one or
more moieties or conjugates which enhance the activity or
cellular uptake of the oligonucleotide. Such moieties include
but are not limited to lipid moieties such as a cholesterol
moiety, a cholesteryl moiety (Letsinger et al., (1989) Proc.
Natl. Acad. Sci. USA 86, 6553), cholic acid (Manoharan et al.
(1994) Bioorg. Med. Chem. Let. 4, 1053), a thioether, e.g.,
hexyl-S-tritylthiol (Manoharan et al. (1992) Ann. N.Y. Acad.
Sci. 660, 306; Manoharan et al. (1993) Bioorg. Med. Chem.
Let. 3, 2765), a thiocholesterol (Oberhauser et al., (1992)
Nucl. Acids Res. 20, 533), an aliphatic chain, e.g., dodecan-
diol or undecyl residues (Saison-Behmoaras et al. EMBO 1J.
1991, 10, 111; Kabanov et al. (1990) FEBS Lett. 259, 327,
Svinarchuk et al. (1993) Biochimie 75, 49), a phospholipid,
e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-di-
O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et
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al. (1995) Tetrahedron Lett. 36,3651; Shea et al. (1990) Nucl.
Acids Res. 18, 3777), a polyamine or a polyethylene glycol
chain (Manoharan et al. (1995) Nucleosides & Nucleotides,
14, 969), or adamantane acetic acid (Manoharan et al. (1995)
Tetrahedron Lett. 36, 3651). Oligonucleotides comprising
lipophilic moieties, and methods for preparing such oligo-
nucleotides are known in the art, for example, U.S. Pat. Nos.
5,138,045, 5,218,105 and 5,459,255.

It is not necessary for all positions in a given oligonucle-
otide to be uniformly modified, and in fact more than one of
the aforementioned modifications may be incorporated in a
single oligonucleotide or even at within a single nucleoside
within an oligonucleotide. The present invention also
includes oligonucleotides which are chimeric oligonucle-
otides as hereinbefore defined.

In another embodiment, the nucleic acid molecule of the
present invention is conjugated with another moiety includ-
ing but not limited to abasic nucleotides, polyether,
polyamine, polyamides, peptides, carbohydrates, lipid, or
polyhydrocarbon compounds. Those skilled in the art will
recognize that these molecules can be linked to one or more of
any nucleotides comprising the nucleic acid molecule at sev-
eral positions on the sugar, base or phosphate group.

The oligonucleotides used in accordance with this inven-
tion may be conveniently and routinely made through the
well-known technique of solid phase synthesis. Equipment
for such synthesis is sold by several vendors including
Applied Biosystems. Any other means for such synthesis may
also be employed the actual synthesis of the oligonucleotides
is well within the talents of one of ordinary skill in the art. It
is also well known to use similar techniques to prepare other
oligonucleotides such as the phosphorothioates and alkylated
derivatives. Itis also well known to use similar techniques and
commercially available modified amidites and controlled-
pore glass (CPQG) products such as biotin, fluorescein, acri-
dine or psoralen-modified amidites and/or CPG (available
from Glen Research, Sterling Va.) to synthesize fluorescently
labeled, biotinylated or other modified oligonucleotides such
as cholesterol-modified oligonucleotides.

In accordance with the invention, use of modifications such
as the use of LNA monomers to enhance the potency, speci-
ficity and duration of action and broaden the routes of admin-
istration of oligonucleotides comprised of current chemistries
such as MOE, ANA, FANA, PS etc (Uhlman, et al. (2000)
Current Opinions in Drug Discovery & Development Vol. 3
No 2). This can be achieved by substituting some of the
monomers in the current oligonucleotides by LNA mono-
mers. The LNA modified oligonucleotide may have a size
similar to the parent compound or may be larger or preferably
smaller. It is preferred that such LNA-modified oligonucle-
otides contain less than about 70%, more preferably less than
about 60%, most preferably less than about 50% LNA mono-
mers and that their sizes are between about 5 and 25 nucle-
otides, more preferably between about 12 and 20 nucleotides.

Preferred modified oligonucleotide backbones comprise,
but not limited to, phosphorothioates, chiral phosphorothio-
ates, phosphorodithioates, phosphotriesters, aminoalky-
Iphosphotriesters, methyl and other alkyl phosphonates com-
prising 3'alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates comprising 3'-amino phos-
phoramidate and aminoalkylphosphoramidates, thionophos-
phoramidates, thionoalkylphosphonates, thionoalkylphos-
photriesters, and boranophosphates having normal 3'-5'
linkages, 2'-5' linked analogs of these, and those having
inverted polarity wherein the adjacent pairs of nucleoside
units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'. Various salts,
mixed salts and free acid forms are also included.
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Representative United States patents that teach the prepa-
ration of the above phosphorus containing linkages comprise,
but are not limited to, U.S. Pat. Nos. 3,687,808; 4,469,863,
4,476,301; 5,023,243; 5,177,196; 5,188,897; 5,264,423;
5,276,019; 5,278,302; 5,286,717, 5,221,131; 5,399,676;
5,405,939; 5,453,496; 5,455,213; 5,466,677, 5,476,925,
5,519,126; 5,536,821; 5,541,306; 5,550,111; 5,563,253,
5,571,799, 5,587,361; and 5,625,050, each of which is herein
incorporated by reference.

Preferred modified oligonucleotide backbones that do not
include a phosphorus atom therein have backbones that are
formed by short chain alkyl or cycloalkyl internucleoside
linkages, mixed heteroatom and alkyl or cycloalkyl inter-
nucleoside linkages, or one or more short chain heteroatomic
or heterocyclic internucleoside linkages. These comprise
those having morpholino linkages (formed in part from the
sugar portion of a nucleoside); siloxane backbones; sulfide,
sulfoxide and sulfone backbones; formacetyl and thiofor-
macetyl backbones; methylene formacetyl and thiofor-
macetyl backbones; alkene containing backbones; sulfamate
backbones; methyleneimino and methylenchydrazino back-
bones; sulfonate and sulfonamide backbones; amide back-
bones; and others having mixed N, O, S and CH2 component
parts.

Representative United States patents that teach the prepa-
ration of the above oligonucleosides comprise, but are not
limited to, U.S. Pat. Nos. 5,034,506; 5,166,315; 5,185,444;
5,214,134, 5,216,141; 5,235,033; 5,264,562; 5,264,564,

5,405,938; 5,434,257; 5,466,677; 5,470,967, 5,489,677,
5,541,307, 5,561,225; 5,596,086; 5,602,240, 5,610,289;
5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070,
5,663,312; 5,633,360; 5,677,437; and 5,677,439, each of

which is herein incorporated by reference.

In other preferred oligonucleotide mimetics, both the sugar
and the internucleoside linkage, i.e., the backbone, of the
nucleotide units are replaced with novel groups. The base
units are maintained for hybridization with an appropriate
nucleic acid target compound. One such oligomeric com-
pound, an oligonucleotide mimetic that has been shown to
have excellent hybridization properties, is referred to as a
peptide nucleic acid (PNA). In PNA compounds, the sugar-
backbone of an oligonucleotide is replaced with an amide
containing backbone, in particular an aminoethylglycine
backbone. The nucleobases are retained and are bound
directly or indirectly to aza nitrogen atoms of the amide
portion of the backbone. Representative United States patents
that teach the preparation of PNA compounds comprise, but
are not limited to, U.S. Pat. Nos. 5,539,082; 5,714,331; and
5,719,262, each of which is herein incorporated by reference.
Further teaching of PNA compounds can be found in Nielsen,
etal. (1991) Science 254, 1497-1500.

In another preferred embodiment of the invention the oli-
gonucleotides with phosphorothioate backbones and oligo-
nucleosides with heteroatom backbones, and in particular
—CH2—NH—0O—CH2—, —CH2—N(CH3)—0—
CH2— known as a methylene (methylimino) or MMI back-
bone, —CH2—O—N(CH3)—CH2—, —CH2N(CH3)—N
(CH3)CH2—and —O—N(CH3)—CH2—CH2—wherein
the native phosphodiester backbone is represented as
—O—P—0—CH2— of the above referenced U.S. Pat. No.
5,489,677, and the amide backbones of the above referenced
U.S. Pat. No. 5,602,240. Also preferred are oligonucleotides
having morpholino backbone structures of the above-refer-
enced U.S. Pat. No. 5,034,506.

Modified oligonucleotides may also contain one or more
substituted sugar moieties. Preferred oligonucleotides com-
prise one of the following at the 2' position: OH; F; O—, S—,



US 9,410,155 B2

29
or N-alkyl; O—, S—, or N-alkenyl; O—, S— or N-alkynyl;
or O alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl
may be substituted or unsubstituted C to CO alkyl or C2 to CO
alkenyl and alkynyl. Particularly preferred are O(CH2)n
OmCH3, O(CH2)n, OCH3, O(CH2)nNH2, O(CH2)nCH3,
O(CH2)nONH2, and O(CH2nON(CH2)nCH3)2 where n and
m canbe from 1 to about 10. Other preferred oligonucleotides
comprise one of the following at the 2' position: C to CO,
(lower alkyl, substituted lower alkyl, alkaryl, aralkyl,
O-alkaryl or O-aralkyl, SH, SCH3, OCN, Cl, Br, CN, CF3,
OCF3, SOCH3, SO2CH3, ONO2, NO2, N3, NH2, heterocy-
cloalkyl, heterocycloalkaryl, aminoalkylamino, polyalky-
lamino, substituted silyl, an RNA cleaving group, a reporter
group, an intercalator, a group for improving the pharmaco-
kinetic properties of an oligonucleotide, or a group for
improving the pharmacodynamic properties of an oligonucle-
otide, and other substituents having similar properties. A
preferred modification comprises 2'-methoxyethoxy (2'-O—
CH2CH20CH3, also known as 2'-O-(2-methylethyl) or
2'-MOE) (Martin et al., (1995) Helv. Chim. Acta, 78, 486-
504) i.e., an alkoxyalkoxy group. A further preferred modifi-
cation comprises 2'-dimethylaminooxyethoxy, i.e., a O(CH2)
20N(CH3)2 group, also known as 2'-DMAOE, as described
in examples herein below, and 2'-dimethylaminoethoxy-
ethoxy (also known in the art as 2'-O-dimethylaminoethoxy-
ethyl or 2-DMAEOE), i.e., 2'-O—CH2-O—CH2-N(CH2)2.

Other preferred modifications comprise 2'-methoxy (2'-
OCH3), 2'-aminopropoxy (2'-OCH2CH2CH2NH2) and
2'-fluoro (2'-F). Similar modifications may also be made at
other positions on the oligonucleotide, particularly the 3'
position of the sugar on the 3' terminal nucleotide or in 2'-5'
linked oligonucleotides and the 5' position of 5' terminal
nucleotide. Oligonucleotides may also have sugar mimetics
such as cyclobutyl moieties in place of the pentofuranosyl
sugar. Representative United States patents that teach the
preparation of such modified sugar structures comprise, but
are not limited to, U.S. Pat. Nos. 4,981,957, 5,118,800; 5,319,
080; 5,359,044, 5,393,878; 5,446,137, 5,466,786, 5,514,785,
5,519,134, 5,567,811; 5,576,427, 5,591,722; 5,597,909,
5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873;
5,670,633; and 5,700,920, each of which is herein incorpo-
rated by reference.

Oligonucleotides may also comprise nucleobase (often
referred to in the art simply as “base”) modifications or sub-
stitutions. As used herein, “unmodified” or “natural” nucle-
otides comprise the purine bases adenine (A) and guanine
(G), and the pyrimidine bases thymine (T), cytosine (C) and
uracil (U). Modified nucleotides comprise other synthetic and
natural nucleotides such as 5-methylcytosine (5-me-C), 5-hy-
droxymethyl cytosine, xanthine, hypoxanthine, 2-aminoad-
enine, 6-methyl and other alkyl derivatives of adenine and
guanine, 2-propyl and other alkyl derivatives of adenine and
guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine,
5-halouracil and cytosine, S-propynyl uracil and cytosine,
6-azo uracil, cytosine and thymine, 5-uracil (pseudo-uracil),
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hy-
droxyl and other 8-substituted adenines and guanines, 5-halo
particularly 5-bromo, 5-trifluoromethyl and other 5-substi-
tuted uracils and cytosines, 7-methylquanine and 7-methy-
ladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine
and 7-deazaadenine and 3-deazaguanine and 3-deazaad-
enine.

Further, nucleotides comprise those disclosed in U.S. Pat.
No. 3,687,808, those disclosed in ‘The Concise Encyclopedia
of Polymer Science And Engineering’, pages 858-859,
Kroschwitz, J. 1., ed. John Wiley & Sons, 1990, those dis-
closed by Englisch et al., ‘Angewandle Chemie, International
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Edition’, 1991, 30, page 613, and those disclosed by Sanghvi,
Y. S., Chapter 15, ‘Antisense Research and Applications’,
pages 289-302, Crooke, S. T. and Lebleu, B. ea., CRC Press,
1993. Certain of these nucleotides are particularly useful for
increasing the binding affinity of the oligomeric compounds
of the invention. These comprise 5-substituted pyrimidines,
6-azapyrimidines and N-2, N-6 and 0-6 substituted purines,
comprising 2-aminopropyladenine, S5-propynyluracil and
S-propynylcytosine, S-methylcytosine substitutions have
been shown to increase nucleic acid duplex stability by 0.6-
1.2° C. (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., eds,
‘Antisense Research and Applications’, CRC Press, Boca
Raton, 1993, pp. 276-278) and are presently preferred base
substitutions, even more particularly when combined with
2'-Omethoxyethyl sugar modifications.

Representative United States patents that teach the prepa-
ration of the above noted modified nucleotides as well as
other modified nucleotides comprise, but are not limited to,
U.S. Pat. No. 3,687,808, as well as U.S. Pat. Nos. 4,845,205,
5,130,302; 5,134,066; 5,175,273; 5,367,066, 5,432,272
5,457,187, 5,459,255; 5,484,908; 5,502,177, 5,525,711,
5,552,540, 5,587,469; 5,596,091, 5,614,617, 5,750,692, and
5,681,941, each of which is herein incorporated by reference.

Another modification of the oligonucleotides of the inven-
tion involves chemically linking to the oligonucleotide one or
more moieties or conjugates, which enhance the activity,
cellular distribution, or cellular uptake of the oligonucleotide.

Such moieties comprise but are not limited to, lipid moi-
eties such as a cholesterol moiety (Letsinger et al., (1989)
Proc. Natl. Acad. Sci. USA, 86, 6553-6556), cholic acid
(Manoharan et al., (1994) Bioorg. Med. Chem. Let., 4, 1053-
1060), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al.,
(1992) Ann. N. Y. Acad. Sci., 660, 306-309; Manoharan et al.,
(1993) Bioorg. Med. Chem. Let., 3, 2765-2770), a thiocho-
lesterol (Oberhauser et al., (1992) Nucl. Acids Res., 20, 533-
538), an aliphatic chain, e.g., dodocandiol orundecyl residues
(Kabanov et al.,, (1990) FEBS Lett., 259, 327-330; Svinar-
chuketal., (1993) Biochimie 75, 49-54), a phospholipid, e.g.,
di-hexadecyl-rac-glycerol or triethylammonium 1,2-di-O-
hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al.,
(1995) Tetrahedron Lett., 36, 3651-3654; Shea et al., (1990)
Nucl. Acids Res., 18, 3777-3783), a polyamine or a polyeth-
ylene glycol chain (Manoharan et al., (1995) Nucleosides &
Nucleotides, 14, 969-973), or adamantane acetic acid (Mano-
haran et al., (1995) Tetrahedron Lett., 36, 3651-3654), a
palmityl moiety (Mishra et al., (1995) Biochim. Biophys.
Acta, 1264, 229-237), or an octadecylamine or hexylamino-
carbonyl-t oxycholesterol moiety (Crooke et al., (1996) J.
Pharmacol. Exp. Ther, 277, 923-937).

Representative United States patents that teach the prepa-
ration of such oligonucleotides conjugates comprise, but are
not limited to, U.S. Pat. Nos. 4,828,979; 4,948,882; 5,218,
105; 5,525,465, 5,541,313, 5,545,730, 5,552,538, 5,578,717,
5,580,731; 5,580,731; 5,591,584; 5,109,124; 5,118,802;
5,138,045, 5,414,077, 5,486,603; 5,512,439; 5,578,718,
5,608,046, 4,587,044; 4,605,735; 4,667,025, 4,762,779,
4,789,737, 4,824,941; 4,835,263; 4,876,335; 4,904,582,
4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830;
5,112,963; 5,214,136; 5,245,022; 5,254,469; 5,258,506;
5,262,536, 5,272,250, 5,292,873; 5,317,098; 5,171,241,
5,391,723; 5,416,203; 5,451,463; 5,510,475; 5,512,667,
5,514,785, 5,565,552; 5,567,810, 5,574,142; 5,585,481,
5,587,371, 5,595,726; 5,597,696; 5,599,923; 5,599,928 and
5,688,941, each of which is herein incorporated by reference.

Drug discovery: The compounds of the present invention
can also be applied in the areas of drug discovery and target
validation. The present invention comprehends the use of the
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compounds and preferred target segments identified herein in
drug discovery efforts to elucidate relationships that exist
between Vascular Endothelial Growth Factor (VEGF) poly-
nucleotides and a disease state, phenotype, or condition.
These methods include detecting or modulating Vascular
Endothelial Growth Factor (VEGF) polynucleotides com-
prising contacting a sample, tissue, cell, or organism with the
compounds of the present invention, measuring the nucleic
acid or protein level of Vascular Endothelial Growth Factor
(VEGF) polynucleotides and/or a related phenotypic or
chemical endpoint at some time after treatment, and option-
ally comparing the measured value to a non-treated sample or
sample treated with a further compound of the invention.
These methods can also be performed in parallel or in com-
bination with other experiments to determine the function of
unknown genes for the process of target validation or to
determine the validity of a particular gene product as a target
for treatment or prevention of a particular disease, condition,
or phenotype.

Assessing Up-Regulation or Inhibition of Gene Expression:

Transfer of an exogenous nucleic acid into a host cell or
organism can be assessed by directly detecting the presence
of'the nucleic acid in the cell or organism. Such detection can
be achieved by several methods well known in the art. For
example, the presence of the exogenous nucleic acid can be
detected by Southern blot or by a polymerase chain reaction
(PCR) technique using primers that specifically amplity
nucleotide sequences associated with the nucleic acid.
Expression of the exogenous nucleic acids can also be mea-
sured using conventional methods including gene expression
analysis. For instance, mRNA produced from an exogenous
nucleic acid can be detected and quantified using a Northern
blot and reverse transcription PCR (RT-PCR).

Expression of RNA from the exogenous nucleic acid can
also be detected by measuring an enzymatic activity or a
reporter protein activity. For example, antisense modulatory
activity can be measured indirectly as a decrease or increase
in target nucleic acid expression as an indication that the
exogenous nucleic acid is producing the effector RNA. Based
on sequence conservation, primers can be designed and used
to amplify coding regions of the target genes. Initially, the
most highly expressed coding region from each gene can be
used to build a model control gene, although any coding or
non coding region can be used. Each control gene is
assembled by inserting each coding region between a reporter
coding region and its poly(A) signal. These plasmids would
produce an mRNA with a reporter gene in the upstream
portion of the gene and a potential RNAI target in the 3'
non-coding region. The effectiveness of individual antisense
oligonucleotides would be assayed by modulation of the
reporter gene. Reporter genes useful in the methods of the
present invention include acetohydroxyacid synthase
(AHAS), alkaline phosphatase (AP), beta galactosidase
(LacZ), beta glucoronidase (GUS), chloramphenicol acetyl-
transferase (CAT), green fluorescent protein (GFP), red fluo-
rescent protein (RFP), yellow fluorescent protein (YFP), cyan
fluorescent protein (CFP), horseradish peroxidase (HRP),
Iuciferase (Luc), nopaline synthase (NOS), octopine synthase
(OCS), and derivatives thereof. Multiple selectable markers
are available that confer resistance to ampicillin, bleomycin,
chloramphenicol, gentamycin, hygromycin, kanamycin, lin-
comycin, methotrexate, phosphinothricin, puromycin, and
tetracycline. Methods to determine modulation of a reporter
gene are well known in the art, and include, but are not limited
to, fluorometric methods (e.g. fluorescence spectroscopy,
Fluorescence Activated Cell Sorting (FACS), fluorescence
microscopy), antibiotic resistance determination.
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Kits, Research Reagents, Diagnostics, and Therapeutics

The compounds of'the present invention can be utilized for
diagnostics, therapeutics, and prophylaxis, and as research
reagents and components of kits. Furthermore, antisense oli-
gonucleotides, which are able to inhibit gene expression with
exquisite specificity, are often used by those of ordinary skill
to elucidate the function of particular genes or to distinguish
between functions of various members of a biological path-
way.

For use in kits and diagnostics and in various biological
systems, the compounds of the present invention, either alone
or in combination with other compounds or therapeutics, are
useful as tools in differential and/or combinatorial analyses to
elucidate expression patterns of a portion or the entire
complement of genes expressed within cells and tissues.

As used herein the term “biological system™ or “system” is
defined as any organism, cell, cell culture or tissue that
expresses, or is made competent to express products of the
Vascular Endothelial Growth Factor (VEGF) genes. These
include, but are not limited to, humans, transgenic animals,
cells, cell cultures, tissues, xenografts, transplants and com-
binations thereof.

As one non limiting example, expression patterns within
cells or tissues treated with one or more antisense compounds
are compared to control cells or tissues not treated with anti-
sense compounds and the patterns produced are analyzed for
differential levels of gene expression as they pertain, for
example, to disease association, signaling pathway, cellular
localization, expression level, size, structure or function of
the genes examined. These analyses can be performed on
stimulated or unstimulated cells and in the presence or
absence of other compounds that affect expression patterns.

Examples of methods of gene expression analysis known
in the art include DNA arrays or microarrays (Brazma and
Vilo, (2000) FEBS Lett., 480, 17-24; Celis, et al., (2000)
FEBS Lett., 480, 2-16), SAGE (serial analysis of gene expres-
sion) (Madden, et al., (2000) Drug Discov. Today, 5, 415-
425), READS (restriction enzyme amplification of digested
c¢DNAs) (Prashar and Weissman, (1999) Methods Enzymol.,
303, 258-72), TOGA (total gene expression analysis) (Sutc-
liffe, etal., (2000) Proc. Natl. Acad. Sci. U.S.A., 97,1976-81),
protein arrays and proteomics (Celis, et al., (2000) FEBS
Lett., 480, 2-16; Jungblut, et al., Electrophoresis, 1999, 20,
2100-10), expressed sequence tag (EST) sequencing (Celis,
etal., FEBS Lett., 2000, 480, 2-16; Larsson, et al., J. Biotech-
nol., 2000, 80, 143-57), subtractive RNA fingerprinting
(SuRF) (Fuchs, et al., (2000) Anal. Biochem. 286, 91-98;
Larson, et al., (2000) Cytometry 41, 203-208), subtractive
cloning, differential display (DD) (Jurecic and Belmont,
(2000) Curr. Opin. Microbiol. 3, 316-21), comparative
genomic hybridization (Carulli, et al., (1998) J. Cell Bio-
chem. Suppl., 31, 286-96), FISH (fluorescent in situ hybrid-
ization) techniques (Going and Gusterson, (1999) Fur J.
Cancer, 35, 1895-904) and mass spectrometry methods (To,
Comb, (2000) Chem. High Throughput Screen, 3, 235-41).

The compounds of the invention are useful for research and
diagnostics, because these compounds hybridize to nucleic
acids encoding Vascular Endothelial Growth Factor (VEGF).
For example, oligonucleotides that hybridize with such effi-
ciency and under such conditions as disclosed herein as to be
effective Vascular Endothelial Growth Factor (VEGF) modu-
lators are effective primers or probes under conditions favor-
ing gene amplification or detection, respectively. These prim-
ers and probes are useful in methods requiring the specific
detection of nucleic acid molecules encoding Vascular Endot-
helial Growth Factor (VEGF) and in the amplification of said
nucleic acid molecules for detection or for use in further
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studies of Vascular Endothelial Growth Factor (VEGF).
Hybridization of the antisense oligonucleotides, particularly
the primers and probes, of the invention with a nucleic acid
encoding Vascular Endothelial Growth Factor (VEGF) can be
detected by means known in the art. Such means may include
conjugation of an enzyme to the oligonucleotide, radiolabel-
ing of the oligonucleotide, or any other suitable detection
means. Kits using such detection means for detecting the level
of Vascular Endothelial Growth Factor (VEGF) in a sample
may also be prepared.

The specificity and sensitivity of antisense are also har-
nessed by those of skill in the art for therapeutic uses. Anti-
sense compounds have been employed as therapeutic moi-
eties in the treatment of disease states in animals, including
humans. Antisense oligonucleotide drugs have been safely
and effectively administered to humans and numerous clini-
cal trials are presently underway. It is thus established that
antisense compounds can be useful therapeutic modalities
that can be configured to be useful in treatment regimes for
the treatment of cells, tissues and animals, especially humans.

For therapeutics, an animal, preferably a human, suspected
of'having a disease or disorder which can be treated by modu-
lating the expression of Vascular Endothelial Growth Factor
(VEGF) polynucleotides is treated by administering anti-
sense compounds in accordance with this invention. For
example, in one non-limiting embodiment, the methods com-
prise the step of administering to the animal in need of treat-
ment, a therapeutically effective amount of Vascular Endot-
helial Growth Factor (VEGF) modulator. The Vascular
Endothelial Growth Factor (VEGF) modulators of the present
invention effectively modulate the activity of the Vascular
Endothelial Growth Factor (VEGF) or modulate the expres-
sion of the Vascular Endothelial Growth Factor (VEGF) pro-
tein. In one embodiment, the activity or expression of Vascu-
lar Endothelial Growth Factor (VEGF) in an animal is
inhibited by about 10% as compared to a control. Preferably,
the activity or expression of Vascular Endothelial Growth
Factor (VEGF) in an animal is inhibited by about 30%. More
preferably, the activity or expression of Vascular Endothelial
Growth Factor (VEGF) in an animal is inhibited by 50% or
more. Thus, the oligomeric compounds modulate expression
of'Vascular Endothelial Growth Factor (VEGF) mRNA by at
least 10%, by at least 50%, by at least 25%, by at least 30%,
by at least 40%, by at least 50%, by at least 60%, by at least
70%, by at least 75%, by at least 80%, by at least 85%, by at
least 90%, by at least 95%, by at least 98%, by at least 99%,
or by 100% as compared to a control.

In one embodiment, the activity or expression of Vascular
Endothelial Growth Factor (VEGF) and/or in an animal is
increased, by about 10% as compared to a control. Preferably,
the activity or expression of Vascular Endothelial Growth
Factor (VEGF) in an animal is increased by about 30%. More
preferably, the activity or expression of Vascular Endothelial
Growth Factor (VEGF) in an animal is increased by 50% or
more. Thus, the oligomeric compounds modulate expression
of'Vascular Endothelial Growth Factor (VEGF) mRNA by at
least 10%, by at least 50%, by at least 25%, by at least 30%,
by at least 40%, by at least 50%, by at least 60%, by at least
70%, by at least 75%, by at least 80%, by at least 85%, by at
least 90%, by at least 95%, by at least 98%, by at least 99%,
or by 100% as compared to a control.

For example, the reduction of the expression of Vascular
Endothelial Growth Factor (VEGF) may be measured in
serum, blood, adipose tissue, liver or any other body fluid,
tissue or organ of the animal. Preferably, the cells contained
within said fluids, tissues or organs being analyzed contain a
nucleic acid molecule encoding Vascular Endothelial Growth
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Factor (VEGF) peptides and/or the Vascular Endothelial
Growth Factor (VEGF) protein itself.

The compounds of the invention can be utilized in phar-
maceutical compositions by adding an effective amount of a
compound to a suitable pharmaceutically acceptable diluent
or carrier. Use of the compounds and methods of the invention
may also be useful prophylactically.

Conjugates

Another modification of the oligonucleotides of the inven-
tion involves chemically linking to the oligonucleotide one or
more moieties or conjugates that enhance the activity, cellular
distribution or cellular uptake of the oligonucleotide. These
moieties or conjugates can include conjugate groups
covalently bound to functional groups such as primary or
secondary hydroxyl groups. Conjugate groups of the inven-
tion include intercalators, reporter molecules, polyamines,
polyamides, polyethylene glycols, polyethers, groups that
enhance the pharmacodynamic properties of oligomers, and
groups that enhance the pharmacokinetic properties of oligo-
mers. Typical conjugate groups include cholesterols, lipids,
phospholipids, biotin, phenazine, folate, phenanthridine,
anthraquinone, acridine, fluoresceins, rhodamines, cou-
marins, and dyes. Groups that enhance the pharmacodynamic
properties, in the context of this invention, include groups that
improve uptake, enhance resistance to degradation, and/or
strengthen sequence-specific hybridization with the target
nucleic acid. Groups that enhance the pharmacokinetic prop-
erties, in the context of this invention, include groups that
improve uptake, distribution, metabolism or excretion of the
compounds of the present invention. Representative conju-
gate groups are disclosed in International Patent Application
No. PCT/US92/09196, filed Oct. 23,1992, and U.S. Pat. No.
6,287,860, which are incorporated herein by reference. Con-
jugate moieties include, but are not limited to, lipid moieties
such as a cholesterol moiety, cholic acid, a thioether, e.g.,
hexyl-5-tritylthiol, a thiocholesterol, an aliphatic chain, e.g.,
dodecandiol or undecyl residues, a phospholipid, e.g., di-
hexadecyl-rac-glycerol or triethylammonium 1,2-di-O-hexa-
decyl-rac-glycero-3-Hphosphonate, a polyamine or a poly-
ethylene glycol chain, or adamantane acetic acid, a palmityl
moiety, or an octadecylamine or hexylamino-carbonyl-oxy-
cholesterol moiety. Oligonucleotides of the invention may
also be conjugated to active drug substances, for example,
aspirin, warfarin, phenylbutazone, ibuprofen, suprofen, fen-
bufen, ketoprofen, (S)-(+)-pranoprofen, carprofen, dansyl-
sarcosine, 2,3,5-triiodobenzoic acid, flufenamic acid, folinic
acid, a benzothiadiazide, chlorothiazide, a diazepine,
indomethicin, a barbiturate, a cephalosporin, a sulfa drug, an
antidiabetic, an antibacterial or an antibiotic.

Representative United States patents that teach the prepa-
ration of such oligonucleotides conjugates include, but are
not limited to, U.S. Pat. Nos. 4,828,972; 4,948,882; 5,218,
105; 5,525,465, 5,541,313, 5,545,730, 5,552,538, 5,578,717,

5,580,731; 5,580,731; 5,591,584; 5,109,124; 5,118,802;
5,138,045, 5,414,077, 5,486,603; 5,512,439; 5,578,718;
5,608,046; 4,587,044; 4,605,735, 4,667,025, 4,762,779;
4,789,737, 4,824,941, 4,835,263; 4,876,335, 4,904,582;
4,958,013; 5,082,830, 5,112,963; 5,214,136, 5,082,830,
5,112,963; 5,214,136; 5,245,022; 5,254,469; 5,258,506;
5,262,536; 5,272,250, 5,292,.873; 5,317,098, 5,371,241,
5,391,723; 5,416,203; 5,451,463; 5,510,475, 5,512,667,
5,514,785, 5,565,552; 5,567,810; 5,574,142; 5,585,481,
5,587,371, 5,595,726; 5,597,696; 5,599,923; 5,599,928 and
5,688,941.

Formulations

The compounds of the invention may also be admixed,
encapsulated, conjugated or otherwise associated with other
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molecules, molecule structures or mixtures of compounds, as
for example, liposomes, receptor-targeted molecules, oral,
rectal, topical or other formulations, for assisting in uptake,
distribution and/or absorption. Representative United States
patents that teach the preparation of such uptake, distribution
and/or absorption-assisting formulations include, but are not
limited to, U.S. Pat. Nos. 5,108,921, 5,354,844; 5,416,016;

5459,127; 5,521,291; 5,543,165; 5,547,912; 5,583,020,
5,501,721; 4,426,330; 4,534,899; 5,013,556, 5,108,921;
5,213,804; 5,227,170; 5,264,221; 5,356,633; 5,395,619;
5416,016; 5,417,978; 5,462,854; 5,469.854; 5,512,295;

5,527,528, 5,534,259; 5,543,152; 5,556,948; 5,580,575; and
5,595,756, each of which is herein incorporated by reference.

Although, the antisense oligonucleotides do not need to be
administered in the context of a vector in order to modulate a
target expression and/or function, embodiments of the inven-
tion relates to expression vector constructs for the expression
of antisense oligonucleotides, comprising promoters, hybrid
promoter gene sequences and possess a strong constitutive
promoter activity, or a promoter activity which can be
induced in the desired case.

In an embodiment, invention practice involves administer-
ing at least one of the foregoing antisense oligonucleotides
with a suitable nucleic acid delivery system. In one embodi-
ment, that system includes a non-viral vector operably linked
to the polynucleotide. Examples of such nonviral vectors
include the oligonucleotide alone (e.g. any one or more of
SEQ ID NOS: 4 to 9) or in combination with a suitable
protein, polysaccharide or lipid formulation.

Additionally suitable nucleic acid delivery systems include
viral vector, typically sequence from at least one of an aden-
ovirus, adenovirus-associated virus (AAV), helper-depen-
dent adenovirus, retrovirus, or hemagglutinatin virus of
Japan-liposome (HVJ) complex. Preferably, the viral vector
comprises a strong eukaryotic promoter operably linked to
the polynucleotide e.g., a cytomegalovirus (CMV) promoter.

Additionally preferred vectors include viral vectors, fusion
proteins and chemical conjugates. Retroviral vectors include
Moloney murine leukemia viruses and HIV-based viruses.
One preferred HIV-based viral vector comprises at least two
vectors wherein the gag and pol genes are from an HIV
genome and the env gene is from another virus. DNA viral
vectors are preferred. These vectors include pox vectors such
as orthopox or avipox vectors, herpesvirus vectors such as a
herpes simplex 1 virus (HSV) vector [Geller, A. 1. et al,,
(1995) J. Neurochem, 64: 487; Lim, F., et al., in DNA Clon-
ing: Mammalian Systems, D. Glover, Ed. (Oxford Univ.
Press, Oxford England) (1995); Geller, A. 1. et al., (1993)
Proc Natl. Acad. Sci.: U.S.A.: 90 7603; Geller, A. 1, et al.,
(1990) Proc Natl. Acad. Sci USA: 87:1149], Adenovirus Vec-
tors (LeGal LaSalle et al., Science, 259:988 (1993); David-
son, et al., (1993) Nat. Genet. 3: 219; Yang, et al., (1995) J.
Virol. 69: 2004) and Adeno-associated Virus Vectors (Kaplitt,
M. G, et al,, (1994) Nat. Genet. 8:148).

The antisense compounds of the invention encompass any
pharmaceutically acceptable salts, esters, or salts of such
esters, or any other compound which, upon administration to
an animal, including a human, is capable of providing (di-
rectly or indirectly) the biologically active metabolite or resi-
due thereof.

The term “pharmaceutically acceptable salts” refers to
physiologically and pharmaceutically acceptable salts of the
compounds of the invention: i.e., salts that retain the desired
biological activity of the parent compound and do not impart
undesired toxicological effects thereto. For oligonucleotides,
preferred examples of pharmaceutically acceptable salts and
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their uses are further described in U.S. Pat. No. 6,287,860,
which is incorporated herein by reference.

The present invention also includes pharmaceutical com-
positions and formulations that include the antisense com-
pounds of the invention. The pharmaceutical compositions of
the present invention may be administered in a number of
ways depending upon whether local or systemic treatment is
desired and upon the area to be treated. Administration may
be topical (including ophthalmic and to mucous membranes
including vaginal and rectal delivery), pulmonary, e.g., by
inhalation or insufflation of powders or aerosols, including by
nebulizer; intratracheal, intranasal, epidermal and transder-
mal), oral or parenteral. Parenteral administration includes
intravenous, intraarterial, subcutaneous, intraperitoneal or
intramuscular injection or infusion; or intracranial, e.g.,
intrathecal or intraventricular, administration. Oligonucle-
otides with at least one 2'-O-methoxyethyl modification are
believed to be particularly useful for oral administration.
Pharmaceutical compositions and formulations for topical
administration may include transdermal patches, ointments,
lotions, creams, gels, drops, suppositories, sprays, liquids and
powders. Conventional pharmaceutical carriers, aqueous,
powder or oily bases, thickeners and the like may be neces-
sary or desirable. Coated condoms, gloves and the like may
also be useful.

The pharmaceutical formulations of the present invention,
which may conveniently be presented in unit dosage form,
may be prepared according to conventional techniques well
known in the pharmaceutical industry. Such techniques
include the step of bringing into association the active ingre-
dients with the pharmaceutical carrier(s) or excipient(s). In
general, the formulations are prepared by uniformly and inti-
mately bringing into association the active ingredients with
liquid carriers or finely divided solid carriers or both, and
then, if necessary, shaping the product.

The compositions of the present invention may be formu-
lated into any of many possible dosage forms such as, but not
limited to, tablets, capsules, gel capsules, liquid syrups, soft
gels, suppositories, and enemas. The compositions of the
present invention may also be formulated as suspensions in
aqueous, non-aqueous or mixed media. Aqueous suspensions
may further contain substances that increase the viscosity of
the suspension including, for example, sodium carboxymeth-
ylcellulose, sorbitol and/or dextran. The suspension may also
contain stabilizers.

Pharmaceutical compositions of the present invention
include, but are not limited to, solutions, emulsions, foams
and liposome-containing formulations. The pharmaceutical
compositions and formulations of the present invention may
comprise one or more penetration enhancers, carriers, excipi-
ents or other active or inactive ingredients.

Emulsions are typically heterogeneous systems of one lig-
uid dispersed in another in the form of droplets usually
exceeding 0.1 um in diameter. Emulsions may contain addi-
tional components in addition to the dispersed phases, and the
active drug that may be present as a solution in either the
aqueous phase, oily phase or itself as a separate phase. Micro-
emulsions are included as an embodiment of the present
invention. Emulsions and their uses are well known in the art
and are further described in U.S. Pat. No. 6,287,860.

Formulations of the present invention include liposomal
formulations. As used in the present invention, the term “lipo-
some” means a vesicle composed of amphiphilic lipids
arranged in a spherical bilayer or bilayers. Liposomes are
unilamellar or multilamellar vesicles which have amembrane
formed from a lipophilic material and an aqueous interior that
contains the composition to be delivered. Cationic liposomes
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are positively charged liposomes that are believed to interact
with negatively charged DNA molecules to form a stable
complex. Liposomes that are pH-sensitive or negatively-
charged are believed to entrap DNA rather than complex with
it. Both cationic and noncationic liposomes have been used to
deliver DNA to cells.

Liposomes also include “sterically stabilized” liposomes, a
term which, as used herein, refers to liposomes comprising
one or more specialized lipids. When incorporated into lipo-
somes, these specialized lipids result in liposomes with
enhanced circulation lifetimes relative to liposomes lacking
such specialized lipids. Examples of stericallly stabilized
liposomes are those in which part of the vesicle-forming lipid
portion of the liposome comprises one or more glycolipids or
is derivatized with one or more hydrophilic polymers, such as
a polyethylene glycol (PEG) moiety. Liposomes and their
uses are further described in U.S. Pat. No. 6,287,860.

The pharmaceutical formulations and compositions of the
present invention may also include surfactants. The use of
surfactants in drug products, formulations and in emulsions is
well known in the art. Surfactants and their uses are further
described in U.S. Pat. No. 6,287,860, which is incorporated
herein by reference.

In one embodiment, the present invention employs various
penetration enhancers to effect the efficient delivery of
nucleic acids, particularly oligonucleotides. In addition to
aiding the diffusion of non-lipophilic drugs across cell mem-
branes, penetration enhancers also enhance the permeability
of lipophilic drugs. Penetration enhancers may be classified
as belonging to one of live broad categories, i.e., surfactants,
fatty acids, bile salts, chelating agents, and non-chelating
nonsurfactants. Penetration enhancers and their uses are fur-
ther described in U.S. Pat. No. 6,287,860, which is incorpo-
rated herein by reference.

One of skill in the art will recognize that formulations are
routinely designed according to their intended use, i.e. route
of administration.

Preferred formulations for topical administration include
those in which the oligonucleotides of the invention are in
admixture with a topical delivery agent such as lipids, lipo-
somes, fatty acids, fatty acid esters, steroids, chelating agents
and surfactants. Preferred lipids and liposomes include neu-
tral (e.g. dioleoyl-phosphatidyl DOPE ethanolamine,
dimyristoylphosphatidyl choline DMPC, distearoylphos-
phatidyl choline) negative (e.g. dimyristoylphosphatidyl
glycerol DMPG) and cationic (e.g. dioleoyltetramethylami-
nopropyl DOTAP and dioleoyl-phosphatidyl ethanolamine
DOTMA).

For topical or other administration, oligonucleotides of the
invention may be encapsulated within liposomes or may form
complexes thereto, in particular to cationic liposomes. Alter-
natively, oligonucleotides may be complexed to lipids, in
particular to cationic lipids. Preferred fatty acids and esters,
pharmaceutically acceptable salts thereof, and their uses are
further described in U.S. Pat. No. 6,287,860.

Compositions and formulations for oral administration
include powders or granules, microparticulates, nanoparticu-
lates, suspensions or solutions in water or non-aqueous
media, capsules, gel capsules, sachets, tablets or minitablets.
Thickeners, flavoring agents, diluents, emulsifiers, dispersing
aids or binders may be desirable. Preferred oral formulations
are those in which oligonucleotides of the invention are
administered in conjunction with one or more penetration
enhancers surfactants and chelators. Preferred surfactants
include fatty acids and/or esters or salts thereof, bile acids
and/or salts thereof. Preferred bile acids/salts and fatty acids
and their uses are further described in U.S. Pat. No. 6,287,
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860, which is incorporated herein by reference. Also pre-
ferred are combinations of penetration enhancers, for
example, fatty acids/salts in combination with bile acids/
salts. A particularly preferred combination is the sodium salt
of lauric acid, capric acid and UDCA. Further penetration
enhancers include polyoxyethylene-9-lauryl ether, polyoxy-
ethylene-20-cetyl ether. Oligonucleotides of the invention
may be delivered orally, in granular form including sprayed
dried particles, or complexed to form micro or nanoparticles.
Oligonucleotide complexing agents and their uses are further
described in U.S. Pat. No. 6,287,860, which is incorporated
herein by reference.

Compositions and formulations for parenteral, intrathecal
or intraventricular administration may include sterile aque-
ous solutions that may also contain buffers, diluents and other
suitable additives such as, but not limited to, penetration
enhancers, carrier compounds and other pharmaceutically
acceptable carriers or excipients.

Certain embodiments of the invention provide pharmaceu-
tical compositions containing one or more oligomeric com-
pounds and one or more other chemotherapeutic agents that
function by a non-antisense mechanism. Examples of such
chemotherapeutic agents include but are not limited to cancer
chemotherapeutic drugs such as daunorubicin, daunomycin,
dactinomycin, doxorubicin, epirubicin, idarubicin, esorubi-
cin, bleomycin, mafosfamide, ifosfamide, cytosine arabino-
side, bischloroethyl-nitrosurea, busulfan, mitomycin C, acti-
nomycin D, mithramycin, prednisone, hydroxyprogesterone,
testosterone, tamoxifen, dacarbazine, procarbazine, hexam-
ethylmelamine, pentamethylmelamine, mitoxantrone, amsa-
crine, chlorambucil, methylcyclohexylnitrosurea, nitrogen
mustards, melphalan, cyclophosphamide, 6-mercaptopurine,
6-thioguanine, cytarabine, 5-azacytidine, hydroxyurea,
deoxycoformycin, 4-hydroxyperoxycyclo-phosphoramide,
S-fluorouracil (5-FU), 5-fluorodeoxyuridine (5-FUdR),
methotrexate (MTX), colchicine, taxol, vincristine, vinblas-
tine, etoposide (VP-16), trimetrexate, irinotecan, topotecan,
gemcitabine, teniposide, cisplatin and diethylstilbestrol
(DES). When used with the compounds of the invention, such
chemotherapeutic agents may be used individually (e.g.,
5-FU and oligonucleotide), sequentially (e.g., 5-FU and oli-
gonucleotide for a period of time followed by MTX and
oligonucleotide), or in combination with one or more other
such chemotherapeutic agents (e.g., 5-FU, MTX and oligo-
nucleotide, or 5-FU, radiotherapy and oligonucleotide). Anti-
inflammatory drugs, including but not limited to nonsteroidal
anti-inflammatory drugs and corticosteroids, and antiviral
drugs, including but not limited to ribivirin, vidarabine, acy-
clovir and ganciclovir, may also be combined in compositions
of the invention. Combinations of antisense compounds and
other non-antisense drugs are also within the scope of this
invention. Two or more combined compounds may be used
together or sequentially.

In another related embodiment, compositions of the inven-
tion may contain one or more antisense compounds, particu-
larly oligonucleotides, targeted to a first nucleic acid and one
or more additional antisense compounds targeted to a second
nucleic acid target. For example, the first target may be a
particular antisense sequence of Vascular Endothelial Growth
Factor (VEGF), and the second target may be a region from
another nucleotide sequence. Alternatively, compositions of
the invention may contain two or more antisense compounds
targeted to different regions of the same Vascular Endothelial
Growth Factor (VEGF) nucleic acid target. Numerous
examples of antisense compounds are illustrated herein and
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others may be selected from among suitable compounds
known in the art. Two or more combined compounds may be
used together or sequentially.

Dosing:

The formulation of therapeutic compositions and their sub-
sequent administration (dosing) is believed to be within the
skill of those in the art. Dosing is dependent on severity and
responsiveness of the disease state to be treated, with the
course of treatment lasting from several days to several
months, or until a cure is effected or a diminution of the
disease state is achieved. Optimal dosing schedules can be
calculated from measurements of drug accumulation in the
body of the patient. Persons of ordinary skill can easily deter-
mine optimum dosages, dosing methodologies and repetition
rates. Optimum dosages may vary depending on the relative
potency of individual oligonucleotides, and can generally be
estimated based on EC50s found to be effective in in vitro and
in vivo animal models. In general, dosage is from 0.01 pg to
100 g per kg of body weight, and may be given once or more
daily, weekly, monthly or yearly, or even once every 2 to 20
years. Persons of ordinary skill in the art can easily estimate
repetition rates for dosing based on measured residence times
and concentrations of the drug in bodily fluids or tissues.
Following successful treatment, it may be desirable to have
the patient undergo maintenance therapy to prevent the recur-
rence of the disease state, wherein the oligonucleotide is
administered in maintenance doses, ranging from 0.01 pg to
100 g per kg of body weight, once or more daily, to once every
20 years.

While various embodiments of the present invention have
been described above, it should be understood that they have
been presented by way of example only, and not limitation.
Numerous changes to the disclosed embodiments can be
made in accordance with the disclosure herein without
departing from the spirit or scope of the invention. Thus, the
breadth and scope of the present invention should not be
limited by any of the above described embodiments.

All documents mentioned herein are incorporated herein
by reference. All publications and patent documents cited in
this application are incorporated by reference for all purposes
to the same extent as if each individual publication or patent
document were so individually denoted. By their citation of
various references in this document, Applicants do not admit
any particular reference is “prior art” to their invention.
Embodiments of inventive compositions and methods are
illustrated in the following examples.

EXAMPLES

The following non-limiting Examples serve to illustrate
selected embodiments of the invention. It will be appreciated
that variations in proportions and alternatives in elements of
the components shown will be apparent to those skilled in the
art and are within the scope of embodiments of the present
invention.

Example 1

Design of Antisense Oligonucleotides Specific for a
Nucleic Acid Molecule Antisense to and/or Sense
Strand of Vascular Endothelial Growth Factor
(VEGF) Polynucleotide

As indicated above the term “oligonucleotide specific for”
or “oligonucleotide targets” refers to an oligonucleotide hav-
ing a sequence (i) capable of forming a stable complex with a
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portion of the targeted gene, or (ii) capable of forming a stable
duplex with a portion of an mRNA transcript of the targeted
gene.

Selection of appropriate oligonucleotides is facilitated by
using computer programs that automatically align nucleic
acid sequences and indicate regions of identity or homology.
Such programs are used to compare nucleic acid sequences
obtained, for example, by searching databases such as Gen-
Bank or by sequencing PCR products. Comparison of nucleic
acid sequences from a range of species allows the selection of
nucleic acid sequences that display an appropriate degree of
identity between species. In the case of genes that have not
been sequenced, Southern blots are performed to allow a
determination of the degree of identity between genes in
target species and other species. By performing Southern
blots at varying degrees of stringency, as is well known in the
art, it is possible to obtain an approximate measure of identity.
These procedures allow the selection of oligonucleotides that
exhibit a high degree of complementarity to target nucleic
acid sequences in a subject to be controlled and a lower degree
of complementarity to corresponding nucleic acid sequences
in other species. One skilled in the art will realize that there is
considerable latitude in selecting appropriate regions of
genes for use in the present invention.

An antisense compound is “specifically hybridizable”
when binding of the compound to the target nucleic acid
interferes with the normal function of the target nucleic acid
to cause a modulation of function and/or activity, and there is
a sufficient degree of complementarity to avoid non-specific
binding of the antisense compound to non-target nucleic acid
sequences under conditions in which specific binding is
desired, i.e. under physiological conditions in the case of in
vivo assays or therapeutic treatment, and under conditions in
which assays are performed in the case of in vitro assays

The hybridization properties of the oligonucleotides
described herein can be determined by one or more in vitro
assays as known in the art. For example, the properties of the
oligonucleotides described herein can be obtained by deter-
mination of binding strength between the target natural anti-
sense and a potential drug molecules using melting curve
assay.

The binding strength between the target natural antisense
and a potential drug molecule (Molecule) can be estimated
using any of the established methods of measuring the
strength of intermolecular interactions, for example, a melt-
ing curve assay.

Melting curve assay determines the temperature at which a
rapid transition from double-stranded to single-stranded con-
formation occurs for the natural antisense/Molecule com-
plex. This temperature is widely accepted as a reliable mea-
sure of the interaction strength between the two molecules.

A melting curve assay can be performed using a cDNA
copy of the actual natural antisense RNA molecule or a syn-
thetic DNA or RNA nucleotide corresponding to the binding
site of the Molecule. Multiple kits containing all necessary
reagents to perform this assay are available (e.g. Applied
Biosystems Inc. MeltDoctor kit). These kits include a suitable
buffer solution containing one of the double strand DNA
(dsDNA) binding dyes suchas ABIHRM dyes, SYBR Green,
SYTO, etc.). The properties of the dsDNA dyes are such that
they emit almost no fluorescence in free form, but are highly
fluorescent when bound to dsDNA.

To perform the assay the cDNA or a corresponding oligo-
nucleotide are mixed with Molecule in concentrations
defined by the particular manufacturer’s protocols. The mix-
ture is heated to 95° C. to dissociate all pre-formed dsDNA
complexes, then slowly cooled to room temperature or other
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lower temperature defined by the kit manufacturer to allow
the DNA molecules to anneal. The newly formed complexes
are then slowly heated to 95° C. with simultaneous continu-
ous collection of data on the amount of fluorescence that is
produced by the reaction. The fluorescence intensity is
inversely proportional to the amounts of dsDNA present in
the reaction. The data can be collected using a real time PCR
instrument compatible with the kit (e.g. ABI’s StepOne Plus
Real Time PCR System or LightTyper instrument, Roche
Diagnostics, Lewes, UK).

Melting peaks are constructed by plotting the negative
derivative of fluorescence with respect to temperature (-d
(Fluorescence)/dT) on the y-axis) against temperature
(x-axis) using appropriate software (for example LightTyper
(Roche) or SDS Dissociation Curve, ABI). The data is ana-
lyzed to identify the temperature of the rapid transition from
dsDNA complex to single strand molecules. This temperature
is called Tm and is directly proportional to the strength of
interaction between the two molecules. Typically, Tm will
exceed 40° C.

Example 2
Modulation of VEGF Polynucleotides

HepG2 cells from ATCC (cat #HB-8065) were grown in
growth media (MEM/EBSS (Hyclone cat #SH30024, or
Mediatech cat #MT-10-010-CV)+10% FBS (Mediatech cat
#MT35-011-CV)+penicillin/streptomycin  (Mediatech cat
#MT30-002-CI)) at 37° C. and 5% CO,. One day before the
experiment the cells were replated at the density of 1.5x10%/
ml into 6 well plates and incubated at 37° C. and 5% CO,. On
the day of the experiment the media in the 6 well plates was
changed to fresh growth media. All antisense oligonucle-
otides were diluted to the concentration of 20 uM. Two pul of
this solution was incubated with 400 ul of Opti-MEM media
(Gibco cat #31985-070) and 4 pl of Lipofectamine 2000
(Invitrogen cat #11668019) at room temperature for 20 min
and applied to each well of the 6 well plates with HepG2 cells.
Similar mixture including 2 pl of water instead of the oligo-
nucleotide solution was used for the mock-transfected con-
trols. After 3-18 h of incubation at 37° C. and 5% CO, the
media was changed to fresh growth media. 48 h after addition
of antisense oligonucleotides the media was removed and
RNA was extracted from the cells using SV Total RNA Iso-
lation System from Promega (cat #73105) or RNeasy Total
RNA Isolation kit from Qiagen (cat #74181) following the
manufacturers’ instructions. 600 ng of RNA was added to the
reverse transcription reaction performed using Verso cDNA
kit from Thermo Scientific (cat #ABI4538) or High Capacity
c¢DNA Reverse Transcription Kit (cat #4368813) as described
in the manufacturer’s protocol. The cDNA from this reverse
transcription reaction was used to monitor gene expression by
real time PCR using ABI Tagman Gene Expression Mix (cat
#4369510) and primers/probes designed by ABI (Applied
Biosystems Tagman  Gene Expression  Assay:
Hs00173626_m1 by Applied Biosystems Inc., Foster City
Calif.). The following PCR cycle was used: 50° C. for 2 min,
95° C. for 10 min, 40 cycles of (95° C. for 15 seconds, 60° C.
for 1 min) using StepOne Plus Real Time PCR Machine
(Applied Biosystems).

Fold change in gene expression after treatment with anti-
sense oligonucleotides was calculated based on the difference
in 18S-normalized dCt values between treated and mock-
transfected samples.
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Primers and probe for the custom designed Tagman assay
for the VEGF natural antisense VEGFA (SEQ ID NO: 10)
(FIG. 6)

Target sequence VEGFA exon 1:
(SEQ
ATGCCAAGTGGTCCCAGGCTGCACC

ID NO: 10)

Forward Primer Sequence
Vegfasl ANYf:

(SEQ ID NO: 11)

GTAGCCTGTCCCCTTCAAGAG

Vegfas2 ANYf:

(SEQ ID NO: 12)

GCGGATAGCCTGGGAGCTA

Reverse Primer Sequence
Vegfasl ANYR:

(SEQ ID NO: 13)

CAGACATCCTGAGGTGTGTTCT

Vegfas2 ANYR:

(SEQ ID NO: 14)

TGTTCGGTTGCTGTGACTGT

Reporter Dye: FAM

Vegfasl ANYML:

(SEQ ID NO: 15)

ATGCCTGCCAAGCCCA

Vegfas2 ANYML:

(SEQ ID NO: 16)

CAGCCAGCCCTCTGC

Results:
VEGFAas RNA Downregulation

Real time PCR results show that the levels of the VEGFA
mRNA in HepG2 cells are significantly increased 48 h after
treatment with one of the siRNAs designed to vegfaas (ve-
faas1_2, P=0.05), and possibly with the second, vefaasl_3
(P=0.1, FIG. 1A). In the same samples the levels of vegfaas
RNA were significantly decreased after treatment with either
vefaas1_2 or vefaas1_3, but unchanged after treatment with
vefaasl_5, which also had no effect on the VEGFA mRNA
levels (FIG. 1B).

VEGRas RNA Downregulation

Real time PCR results show that the levels of the VEGFA
mRNA in HepG2 cells are significantly increased 48 h after
treatment with two of the siRNAs designed to vegRas (veg-
Rasl_2, P=0.02 and vegRasl_3, P=0.06, FIG. 1C). The
results for the change in vegRas RNA levels are pending.

Although the invention has been illustrated and described
with respect to one or more implementations, equivalent
alterations and modifications will occur to others skilled in
the art upon the reading and understanding of this specifica-
tion and the annexed drawings. In addition, while a particular
feature of the invention may have been disclosed with respect
to only one of several implementations, such feature may be
combined with one or more other features of the other imple-
mentations as may be desired and advantageous for any given
or particular application.

The Abstract of the disclosure will allow the reader to
quickly ascertain the nature of the technical disclosure. It is
submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the following
claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 17

<210> SEQ ID NO 1

<211> LENGTH: 3665

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

ggcttgggge agecgggtag ctceggaggte gtggegetgg gggctagcac cagegetcetg

tcgggaggeg cageggttag gtggaccggt cageggacte accggecagg gegeteggtg

ctggaatttg atattcattg atccgggttt tatccctett cttttttctt aaacattttt
ttttaaaact gtattgtttc tcgttttaat ttatttttge ttgccattec ccacttgaat
cgggecgacy gecttggggag attgetctac ttecccaaat cactgtggat tttggaaacce
agcagaaaga ggaaagaggt agcaagagct ccagagagaa gtcgaggaag agagagacgg
ggtcagagag agcgegeggg cgtgcgagca gcgaaagcega caggggcaaa gtgagtgacce
tgcttttggyg ggtgaccgece ggagegegge gtgageecte cecettggga tceccgeaget
gaccagtcege getgacggac agacagacag acaccgcccce cagccccagce taccacctec
teceeggecg geggeggaca gtggacgcegg cggcgagecg cgggcagggg ccggagceccg
cgecceggagy cggggtggag ggggtegggg ctegeggegt cgcactgaaa cttttegtece
aacttctggyg ctgttetege tteggaggag cegtggteeg cgegggggaa gecgagecga
geggagecge gagaagtget agctcegggee gggaggagec gcagccggag gagggggagy
aggaagaaga gaaggaagag gagagggggce cgcagtggeg acteggeget cggaagecegg
getcatggac gggtgaggeg geggtgtgeg cagacagtge tccagecgeg cgegetecec
aggcectgge cegggecteg ggcceggggag gaagagtage tegecgagge gecgaggaga
gegggecgee ccacageceg agcecggagag ggagcegcegag cegegecgge cceggteggg
cctecgaaac catgaacttt ctgetgtett gggtgeattg gagecttgee ttgetgetcet
acctccacca tgccaagtgg tcccaggetyg cacccatgge agaaggagga gggcagaatce
atcacgaagt ggtgaagttc atggatgtct atcagecgcag ctactgccat ccaatcgaga
cectggtgga catcttecag gagtaccetyg atgagatcga gtacatctte aagccatcct
gtgtgccect gatgegatge gggggcetget gcaatgacga gggectggayg tgtgtgecca
ctgaggagtce caacatcacc atgcagatta tgeggatcaa acctcaccaa ggccagcaca
taggagagat gagcttccta cagcacaaca aatgtgaatg cagaccaaag aaagatagag
caagacaaga aaaaaaatca gttcgaggaa agggaaaggg gcaaaaacga aagcgcaaga
aatcccggta taagtectgg agegtgtacg ttggtgeceg ctgetgteta atgecctgga
gecteectgg cccccatcee tgtgggectt getcagageg gagaaagcat ttgtttgtac
aagatccgca gacgtgtaaa tgttectgea aaaacacaga ctegegttge aaggcgagge
agcttgagtt aaacgaacgt acttgcagat gtgacaagec gaggeggtga gccgggcagg
aggaaggagce ctccctcagg gtttegggaa ccagatctet caccaggaaa gactgataca
gaacgatcga tacagaaacc acgctgecge caccacacca tcaccatcga cagaacagtce
cttaatccag aaacctgaaa tgaaggaaga ggagactctg cgcagagcac tttgggtceceg
gagggcgaga ctccggegga agcattcceg ggcegggtgac ccagcacggt cectettgga
attggattcg ccattttatt tttecttgetyg ctaaatcace gageceggaa gattagagag

ttttatttct gggattcctg tagacacacc cacccacata catacattta tatatatata

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100
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tattatatat atataaaaat aaatatctct attttatata tataaaatat atatattctt 2160
tttttaaatt aacagtgcta atgttattgg tgtcttcact ggatgtattt gactgctgtg 2220
gacttgagtt gggaggggaa tgttcccact cagatcctga cagggaagag gaggagatga 2280
gagactctgg catgatcttt tttttgtccce acttggtggg gccagggtcece tctecccetge 2340
ccaggaatgt gcaaggccag ggcatggggg caaatatgac ccagttttgg gaacaccgac 2400
aaacccagcece ctggegetga gectctetac cecaggtcag acggacagaa agacagatca 2460
caggtacagg gatgaggaca ccggctctga ccaggagttt ggggagcttc aggacattgce 2520
tgtgctttgg ggattccecete cacatgectge acgcgcatct cgcccccagg ggcactgect 2580
ggaagattca ggagcctggg cggccttege ttactctcac ctgcttectga gttgcccagyg 2640
agaccactgg cagatgtccce ggcgaagaga agagacacat tgttggaaga agcagcccat 2700
gacagctcece cttectggga ctegceccectca tectettect getecectte ctggggtgea 2760
gcctaaaagg acctatgtce tcacaccatt gaaaccacta gttctgtceccce cccaggagac 2820
ctggttgtgt gtgtgtgagt ggttgacctt cctceccatccce ctggtectte ccecttecctte 2880
ccgaggcaca gagagacagg gcaggatcca cgtgcccatt gtggaggcag agaaaagaga 2940
aagtgtttta tatacggtac ttatttaata tcccttttta attagaaatt aaaacagtta 3000
atttaattaa agagtagggt tttttttcag tattcttggt taatatttaa tttcaactat 3060
ttatgagatg tatcttttgc tectctettge tctettattt gtaccggttt ttgtatataa 3120
aattcatgtt tccaatctct ctctcectga tcggtgacag tcactagctt atcttgaaca 3180
gatatttaat tttgctaaca ctcagctctg ccctececccga teccecctgget ccccagcaca 3240
cattcctttg aaataaggtt tcaatataca tctacatact atatatatat ttggcaactt 3300
gtatttgtgt gtatatatat atatatatgt ttatgtatat atgtgattct gataaaatag 3360
acattgctat tctgtttttt atatgtaaaa acaaaacaag aaaaaataga gaattctaca 3420
tactaaatct ctctecctttt ttaattttaa tatttgttat catttattta ttggtgctac 3480
tgtttatccg taataattgt ggggaaaaga tattaacatc acgtctttgt ctctagtgca 3540
gtttttcgag atattccgta gtacatattt atttttaaac aacgacaaag aaatacagat 3600
atatcttaaa aaaaaaaaag cattttgtat taaagaattt aattctgatc tcaaaaaaaa 3660
aaaaa 3665
<210> SEQ ID NO 2
<211> LENGTH: 643
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
gaacgtggtyg atgcggtgct tgggagetgg cacggaacca agagcaacac cagcectgete 60
agcacgacct ggactgggag gcaggctggg tgtcectggag cectgggcayg gcagcaggat 120
ggggtgggag ttaaggaggt ctggggagga gaggcttggg cggtacttgg cagggagtte 180
tcteeccage ctgtcaaage ctgctacacce atctcaccag acactcttec gageccagge 240
gagccccecta ctetecccat ggcagagcag tcatttgggg aaacaggaag gggggcagge 300
tgtagectgt ccccttcaag agaaccagag ctctccatge ctgccaagec caagagaaca 360
cacctcagga tgtctgtcac agggaagaaa ggagggggag aaggggccag agagggcaag 420
tctgteccee ttaggagaaa gcaccaaagg gtggaaggaa ggtttccgea tccecteget 480
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ctggaagetyg ggagctgagg gaagaggcaa ggggttgagg cetggtgggg gettcaatgt

ccgcacagee gtggaggcag acaagatggt gtgggggaaa gggcagggca caggtgetcet

ctctcagtet ctetttecct ggaagetett ggtgatgcaa acg

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 3

LENGTH: 513

TYPE: DNA

ORGANISM: Homo sapiens
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2)..(2)
OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: 3

antggagaca ggctgggatce agcactgetg gcactaccca gecacgccag atttaggtca

gggaaactcg ctgggaagga agaccccagyg gtcttceecte cccagaggtyg gagagcacag

gccacagtca gtggtgggga gagccagtgt gtccccagag aactgggagyg atccaaacca

caacggaaca aaaggcaggce ggactegggg ttgggeegeg gggeggatag cctgggaget

acagccagece ctetgetgge cgtgggaggg acagtcacag caaccgaaca tagtcaagtg

gggttatcte cacccccaaa ggaatgcaaa ccaggaaagg gaggggagat cccattagge

tgagcectet tecccagece aggettgggg aacaggggeg atggtagggg caagtggttt

ctgggteect agecctgegt gaaacgggtt ccagaccaaa gagecctgat gaaggcatgt

ctctatatac tctatcccte ttecccagece cag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Antisense oligonucleotide

SEQUENCE: 4

ctgagcagge tggtgttget cttggtt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Antisense oligonucleotide

SEQUENCE: 5

acagacatcce tgaggtgtgt tctettg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Antisense oligonucleotide

SEQUENCE: 6

gtttgcatca ccaagagctt ccaggga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 7

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Antisense oligonucleotide

540

600

643

60

120

180

240

300

360

420

480

513

27

27

27
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<400> SEQUENCE: 7

cagcagtgcet gatcccagece tgtctec

<210> SEQ ID NO 8

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense oligonucleotide

<400> SEQUENCE: 8

gtatatagag acatgcctte atcaggg

<210> SEQ ID NO 9

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense oligonucleotide

<400> SEQUENCE: 9

ggctggetgt agetcccagg ctatceg

<210> SEQ ID NO 10

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense oligonucleotide

<400> SEQUENCE: 10

atgccaagtyg gtcccagget geacc

<210> SEQ ID NO 11

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense oligonucleotide

<400> SEQUENCE: 11

gtagcctgte cccttcaaga g

<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense oligonucleotide

<400> SEQUENCE: 12

geggatagee tgggagceta

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense oligonucleotide

<400> SEQUENCE: 13

cagacatcct gaggtgtgtt ct

<210> SEQ ID NO 14

27

27

27

25

21

19

22
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<211>
<212>
<213>
<220>
<223>

<400>

-continued
LENGTH: 20
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Antisense oligonucleotide

SEQUENCE: 14

tgttcggttyg ctgtgactgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Antisense oligonucleotide

SEQUENCE: 15

atgcctgeca agccca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Antisense oligonucleotide

SEQUENCE: 16

cagccagece tetge

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 17

LENGTH: 16271

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 17

ggcttgggge agecgggtag ctceggaggte gtggegetgg gggctagcac cagegetcetg

tcgggaggeg cageggttag gtggaccggt cageggacte accggecagg gegeteggtg

ctggaatttyg atattcattg atccgggttt tatccctcett cttttttett aaacattttt

ttttaaaact gtattgtttc tcgttttaat ttatttttge ttgccattcc ccacttgaat

cgggecgacy gecttggggag attgetctac ttecccaaat cactgtggat tttggaaacce

agcagaaaga ggaaagaggt agcaagagct ccagagagaa gtcgaggaag agagagacgg

ggtcagagag agcgegeggg cgtgcgagca gcgaaagcega caggggcaaa gtgagtgacce

tgcttttggyg ggtgaccgece ggagegegge gtgageecte cecettggga tceccgeaget

gaccagtcege getgacggac agacagacag acaccgcccce cagccccagce taccacctec

tCCCngCCg gcggcggaca gtggacgcgg cggcgagccg cgggcagggg ccggagcccg

cgecceggagy cggggtggag ggggtegggg ctegeggegt cgcactgaaa cttttegtece

aacttctggyg ctgttetege tteggaggag cegtggteeg cgegggggaa gecgagecga

geggagecge gagaagtget agctcegggee gggaggagec gcagccggag gagggggagy

aggaagaaga gaaggaagag gagagggggce cgcagtggeg acteggeget cggaagecegg

getcatggac gggtgaggeg geggtgtgeg cagacagtge tccagecgeg cgegetecec

aggcectgge cegggecteg ggcceggggag gaagagtage tegecgagge gecgaggaga

gegggecgee ccacageceg agcecggagag ggagcegcegag cegegecgge cceggteggg

cctecgaaac catgaacttt ctgetgtett gggtgeattg gagecttgee ttgetgetcet

acctccacca tgccaaggta ageggtegtyg ceetgetgge gecgegggee getgegageg

20

16

15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



53

US 9,410,155 B2

-continued

54

cctetecegy

gtccatggge

cgegegeget

acccaccgga

aggaggccga

tggtccegga

ggggtgcteg

dggagagggy

aaaagttttg

gccaaccecyg

ggtgegcgeg

agcctegget

ccteegegygy

taccccttece

gececttete

ttttcattte

aaaggatgat

caccgaaagt

agctgtgett

ctttaccctt

ccttectgaa

ggcagcecty

aaagggactc

ccttggagag

ctcagaccct

tggectgectyg

ctgectagaa

cctttectec

ggcagggggt

caggagcage

aggggcttee

catttggggt

agggtctggt

gagttggtga

tgtcaggtce

tctgatgegy

ctaggggctg

gtgcccaggt

caggtaggag

ctggggacgt

accaggegtyg

aggtgggagg

gtcaccgcac

gggggctggy

cgaactggaa

gaccttggac

gettgetgte

gggtggattg

ccegteceeyg

gcgeggagece

geccgaatgg

aaggtgacct

tactgtctece

ttcacccatt

tctetgegga

cactgtcaga

cccgacttygyg

tagctetegt

ttggagaaat

ccctggaaag

gagcaggtgt

taaagggtcc

daggcaagag

ggcacaaagg

gccacagtgt

cegecectea

ttggggccca

gtcatgggaa

agtggtaagc

tgtgaccttyg

gtgtgggaag

gtteegtagyg

gagctggaga

gecatgtetty

gtggggaggy

ggcagtgeca

gagaggggct

tgggagacag

gegtgegage

cggegteccee

gtacceggag

gtacgatctyg

cttgegttge

gtctgagcag

c¢gcgggaggy

actgccacte

ctgcggggac

ctegegtece

gattacatca

ggagcccaga

ctcgaggtag

agaccctace

tcotttttag

gaagatccat

agtcgtggceg

tgacagtgtg

gggggtgggt

ggcttgaaat

gagctectge

ttttttggaa

ctttecegete

gaaagccatg

ccttggetac

gaccttcaga

tgtgcteect

ggaggagtgg

tgggtgaggg

tgtccagetyg

getgtetety

gagagggaaa

ctagagtgec

ccceccaggaa

gegtgttgac

ttagaggagg

aggcataaaa

tggcacctee

gtgaggcettt

gegegegtgg

ctctgtegte

agaggctcac

ggcegaccag

cgctgecgge

¢gggggcggy

cagagagcegt

ggtctettea

ccececectece

geteggtgee

gecegggect

gtggcgageg

ccccageccyg

tctgcccagt

cctggagaga

ctaacccctt

cgggagecca

cttececttec

caagggagga

ttgctgtgac

cagccttgea

ctccaaacct

ctctetgacy

gacaggggtc

aggcctccaa

ggcccccaga

ggcettggaa

agggtcccgg

ggctgaggtyg

gaagcetggt

dgagcagggce

gaaagatgga

cctetgetet

gggctggcag

cttcacaget

ccteaggect

gectteccety

tcaccetggy

ggaaatctat

gggceteegty ccccacgegg

ttaggtgcag ggggaggggy

cgcecacgeg ggecctgecoe

c¢cgagggegy gagecggagyg

tgaagtttge tcceggecge

agccagagac cagtgggcag

dgagggdggca gggcgcagga

geectegecyg cgagtttggg

tgctgggeca cctgegecge

cgcecteecece cgecaeggecyg

ggceggeege gtgttecegg

gcaccectee ccecgecage

gggatccaga gaaccatccce

gctaggagga atttcctgac

agcccctgte accccgetta

tctggececca gagtcecaggyg

ctgggegett tgtcacatte

ctcgeccaaca gttccgagtyg

tttgaagagt cattgcccca

acgggcagca tgggaatagt

cacactttgt cctggtgaaa

gcccacccaa cttgettetg

cctteecteca gecagaatte

getgctaaca ccgcaagtte

gtagggagga gggggaggag

gaaggacacc tggcccctge

ggggtatgaa atttccgtee

gagaatattg tcagggggaa

cagaatccag ggggtcectyg

aactgttgtt ttctcttgag

tggggtacct gagtggggtg

cagtgggact ctccectage

gegagtgetg ggcgggaggg

aagcctttee ttttgggtge

tctggcgagg ggaggaatga

aaggtggtgc agggggcccc

gtcectggty gcatttgaag

agggagaaga aaccagggaa

tgaggctetyg gagagatttyg

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480
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tgtagagagg aaaatgtggt tctcccccag ggtcectcecctece tgggttttta cecctctaagce 3540
aacctgtggg catgctgggt tattcctaag gactagaaga gcecttggatgg gggagggtgg 3600
ttggtgcecct teggtceccteg gcaccceccect ccgtcectecaa caccagctca cectggtatt 3660
tgtcatgtca gcaggagaag gtcaccatgt tgtttttetc gecccctagte cttecttect 3720
gcceccagtee aaatttgtce tcectatttga ccttaatact taccatgget ttggaccagg 3780
gaactagggyg gatagtgaga gcagggagag ggaagtgtgg ggaaggtaca ggggacctcg 3840
acagtgaagc attctggggt tttcctectg catttcgage teccccagccce ccaacatctg 3900
gttagtcttt aacttcctcg ggttcataac catagcagtce caggagtggt gggcatattce 3960
tgtgcecegtyg gggaccceeeg gttgtgtcect gttecgactca gaagacttgg agaagccaga 4020
ggctgttggt gggagggaag tgaggaggga ggaggggctg ggtggetggg cctgtgeacce 4080
ccagccectg cccatgcecca tgecttgete tetttetgte ctcagtggte ccaggctgcea 4140
cccatggcag aaggaggagg gcagaatcat cacgaaggtg agtccccctg getgttggat 4200
ggggttcect gtectectcag gggatgggtg gatggcctaa ttecttttte ttcagaactg 4260
tggggaggaa ggggaagggg cacaggaata taaggatcaa gaaagaaaga gctgggcacce 4320
acgaggttca ccctcagttt cgtgaggact ctcecgctgtt caggtctctg ctagaagtag 4380
gacttgttge ctttttectte tgctcectttecce agtaaaattt tatttggaga aggagtcgtg 4440
cgcacagagc aggaagacag tgttcaggga tcctaggtgt tgggggaagt gtcccttgtt 4500
tceecctaget cccaggggag agtggacatt tagtgtcatt tectatatag acatgtccca 4560
tttgtgggaa ctgtgaccct tectgtgtga gctggaggca cagagggctce agcctaatgg 4620
gatctctect cecttecectg gtttgecatte ctttgggggt ggagaaaacc ccatttgact 4680
atgttcgggt gectgtgaact tecctceccag gccagcagag ggctggcectgt agectceccagg 4740
cgecceegece cectgcecccaa ceccgagtee gectgecttt tgttecegttg tggtttggat 4800
cctececattt ctcectggggac accctggcte tcecccaccac tgactgtgge ctgtgctcete 4860
cacctcetggg gagggaaggce cctggggtct tcecttceccecege gagtttceccecet gacctaaatce 4920
tggcgtggcet gggtagtgge cagcagtggt gatgcccage ctgttcectgece tectecttece 4980
ccaccccagg agcecctttece ttggectagg acctggette tcagccactg accggcccecce 5040
tgctteccagt gecgccactta ccccttecag ctteccagtg gtcectetggte tgggagaggce 5100
aggacaaagg tctttgtttg ctggagaaaa ggttgtctgc gataaataag gaaaaccacg 5160
aaagcctggt tgttggagtg tacgtgtgtg cteccccagg cagtggaggce cagcecctect 5220
tggaggggcg gctgectgat gaaggatgcg ggtgaggttce cccgecctceca ccteccatgg 5280
gacttgggga ttcattccaa ggggaagctt tttgggggaa ttcctacccce aggtcettttt 5340
accctcagtt accaaccect tgcccaggcce agaccttect gectatccceet cetgggcecac 5400
aagcctggece ctectcectgte ccaattgtga tgaaggggca gttcaaaact tettgattag 5460
tcatcttete cecctatcgac ttggctttaa aaaatgacct tttcagactt ctagtctegt 5520
tcactctttt tgatgatgct ttgccgtaac ccttegtggg tagagaagga ttcectgtgecce 5580
attggtggtc tggataaaag aaatagagac ctcacaggaa gcagtggact ggcctgttte 5640
cccactgtte tttcetgtttt cacacctgtg gccttctece caccttcectte ccaatcaacce 5700
tattgtgtac atagccccecce tcattgtcecct ttattcttet ggaaagcaga ccttggaggg 5760
aggagtgagg gggaggctca gctgtggtet ctggggggtg ggggttggga getggggtgyg 5820
aagtccacga agcatacact taagatgctt tggtgaagtt ctaaacttca tattacccag 5880
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gctgaaaaaa gagcacttgt tcctagggcect ggaaatggaa gccaaaacac caccttttte 5940
agcctgttte agcatcttta gagatcagcce caacccactt acacagttga gcagagttgg 6000
aggcctagag aggggaggga ctggcccaag gtcataccaa ctcatggeca gagectggge 6060
ctcctcactg geccaggtgtt atttcettcecce tcectgggtagg gaacctattt cagggacagg 6120
attgctatgt ggtagtggtyg gtggggtgcg ataggcgtgg caggctgggce cacaatttgg 6180
agtagtcatg ccagagtcct gcatttattt attctcaagg gccccgecte tgtggcccag 6240
aattacccct tcatgctcecca gtgcacccca ggcettegtgg ccagectggg aaactgtcete 6300
taccctggte tcccttcaga tcagettcta gaaatgtttce gtggctacag tggcagcact 6360
gtttttteca tgatgcaagce agtttgccct cttgggcggg gttatcagtg gctggcaggyg 6420
ctggcacagc gtgtccgecce actgccacct gtgggttceca ggagggccca geccctgtge 6480
tgatgcccac caccttctceca getcatgtcect ggggaagagg actggcaggg ggaaaggtgce 6540
ctcctectga aaggtgccte ctetgttttt gcecctaatata ggcttgggaa cactttgatg 6600
tcagctaatt ctgactcctt tacttactag ctgtgcggcce ttggggcaac ttacttagcece 6660
tctttgagece tectgttece catctgtaaa atggaatctc aatagtgtct aatagtacca 6720
tgtggagaaa cttgtgtgaa atgatagctg tggactactg tacacagtac tcaggatgta 6780
gtaagtgctc aataaacagc tgttggtatg gttgacgtta tggtagtggt tgtggggagg 6840
acgtaggaaa ctggagacta gcttggcaaa gctggctett cctcectttta gggaaagcett 6900
agagcatccce catggggtat acccatactc agactgtect ctggcatcga ggttggccca 6960
ggattcagtt cagctgtcac agtgaggtgg cgggatcaga tgtggcaggc catgtccectt 7020
ggaacttgag tacatcgtgt gatctctgga atgaaaacag gccttcacca gtgttgatgg 7080
tggaaagctt agggaagtgc ttcaaacaca gtaggaggga cttacgttag attttggaag 7140
gacttgccetg attcggaagce tccaaagagt ggcattacag agetgggtgg agagaggggce 7200
tagccatctt ttgtgtcgec caccgggcte atgtgtcatce gectctcatg cagtggtgaa 7260
gttcatggat gtctatcagc gcagctactg ccatccaatc gagaccctgg tggacatctt 7320
ccaggagtac cctgatgaga tcgagtacat cttcaagcca tecctgtgtge cectgatgeg 7380
atgcgggggce tgctgcaatg acgagggcct ggagtgtgtg cccactgagg agtccaacat 7440
caccatgcag gtgggcatct ttgggaagtyg gggcaagggyg gggataggga ggggggtaac 7500
actttgggaa caggtggtcc caggtcegttt cctggctaga tttgeccttgt ctggetectg 7560
ccectgagtt gcacagggga ggtatggtgg ggtcecttgect tectgtggaga agatgcttca 7620
ttcccagece aggttcccag caagcecccaa ccatctectt ctcecectgatg gttgeccatg 7680
ggctcaggag gggacagatg gatgcctgtg tcaggagccc ctcetctecect ctettggaga 7740
gagtcctgag tgccccceccect tettggggge tttgtttggg aagctggatg agectggtece 7800
atggagagtt taaaaagtct tttggtgtta cctggtaatg gggcacatct cagcccagat 7860
agggtgggag ggagctgtga aacacaggga gggggttgct ttcgggtatce tactaggagt 7920
cagggtgaag cctagagagg atgaaagaag gggaggggat ggggagtggt aagaacctag 7980
gatttgaatt cccagcctgg ccaacccttg cagccatgte ttggectcaa gtggaacaag 8040
ggctecttga ggccagcagg gttgggggag ttggggtggg cctgagectce tttectgceta 8100
gagctcttgg tecteectge ctecaccacce catcecctget ctgcagaacce cctgggtget 8160
gagtggcagg agccccaggg ttgtcccatce tgggtatgge tggctgggtce actaacctcet 8220
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gtgatctgcect tceccttecttt ccagattatg cggatcaaac ctcaccaagg ccagcacata 8280
ggagagatga gcttcctaca gcacaacaaa tgtgaatgca ggtgaggatg tagtcacgga 8340
ttcattatca gcaagtggct gcagggtgce tgatctgtgce cagggttaag catgctgtac 8400
tttttggcce cecgteccaget tceccgctatg tgacctttgg cattttactt caatgtgect 8460
cagtttctac atctgtaaaa tgggcacaat agtagtatac ttcatagcat tgttataatg 8520
attaaacaag ttatatatga aaagattaaa acagtgttgc tccataataa atgctgtttt 8580
tactgtgatt attattgttg ttatccctat cattatcatc accatcttaa cccttceectg 8640
ttttgctett ttctectctece ctacccattg cagaccaaag aaagatagag caagacaaga 8700
aaagtaagtg gccctgactt tagcacttct ccctcectecat ggccecggttgt cttggtttgg 8760
ggctcecttgge tacctectgtt gggggctceccce atagecctceec tgggtcaggg acttggtett 8820
gtgggggact tgtggtggca gcaacaatgg gatggagcca actccaggat gatggctcta 8880
gggctagtga gaaaacatag ccaggagcct ggcacttcet ttggaaggga caatgcctte 8940
tgggtctcca gatcattect gaccaggact tgctgttteg gtgtgtcagg gggcactgtg 9000
gacactggct cactggcttg ctctaggaca cccacagtgg ggagagggag tgggtggcag 9060
agaggccagce ttttgtgtgt cagaggaaat ggcctctttt ggtggctget gtgacggtgce 9120
agttggatgc gaggccggct ggagggtggt ttctcagtge atgccctcect gtaggcggca 9180
ggcggcagac acacagccct cttggccagg gagaaaaagt tgaatgttgg tcattttceag 9240
aggcttgtga gtgctccgtyg ttaaggggca ggtaggatgg ggtgggggac aaggtctggce 9300
ggcagtaacc cttcaagaca gggtgggcgg ctggcatcag caagagcettg cagggaaaga 9360
gagactgaga gagagcacct gtgccctgece ctttececccca caccatcecttg tcetgecteca 9420
gtgctgtgeg gacattgaag cccccaccag gcctcaacece cttgectett ccectcagete 9480
ccagcttecca gagcgagggg atgcggaaac cttectteca cectttggtg ctttetecta 9540
agggggacag acttgcccte tetggteccct tcteccecte ctttettece tgtgacagac 9600
atcctgaggt gtgttctett gggcttggca ggcatggaga gcectctggtte tettgaaggg 9660
gacaggctac agcctgeccce ccttectgtt teccccaaatg actgctetge catggggaga 9720
gtagggggct cgcctgggct cggaagagtg tctggtgaga tggtgtagca ggctttgaca 9780
ggctggggag agaactccct gccaagtacc gcccaagcect ctectceccca gacctcectta 9840
actceccacce catcctgetg cctgcccagg getccaggac acccagcecct gectceccagt 9900
ccaggtegtg ctgagcaggce tggtgttgct cttggttecg tgccagctcce caaggtagcece 9960
gcttecececa caccgggatt cccagaggtt ctgtcegcagt tgcaaatgaa ggcacaaggce 10020
ctgatacaca gccctccecte ccactectge tcecccatcca ggcaggtcete tgaccttcte 10080
cccaaagtct ggcctacctt ttatcacccce cggaccttca gggtcagact tggacaggge 10140
tgctgggcaa agagccttece ctcaggettt gcceccecctgee ggggactggg agccactgtg 10200
agtgtggaga cctttgggtc ctgtgcccte cacccagtct cggcttceccca ccaaagectt 10260
gtcaggggct gggtttgcca tcccatggtg ggcagegtga ggagaagaaa gagccatcga 10320
gtgcttgetyg cccagacacg cctgtgtgeg cccgegcatg ccteccccaga gaccacctge 10380
ctecctgacac ttcectceccggg aagcggcecct gtgtggettt getttggteg tteccecccate 10440
cctgeccace ttaccactte ttttactccee cccaccgece ccgcetetcete tetgtetetg 10500
tttttttatt ttccagaaaa tcagttcgag gaaagggaaa ggggcaaaaa cgaaagcgca 10560
agaaatcccg gtataagtcec tggagegtgt acgttggtge ccgetgetgt ctaatgecccect 10620
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ggagccteee tggceccceccag tacaacctec gectgecatt ccectgtaacce ctgectcecect 10680
ccectggtee ttecectgget ctcatectee tggeccgtgt ctetetcectceca ctcectetcact 10740
ccactaattg gcaccaacgg gtagatttgg tggtggcatt gctggtccag ggttggggtg 10800
aatgggggtyg ccgacttggce ctggaggatt aagggagggg accctggctt ggctgggcac 10860
cgattttcte tcacccactg ggcactggtg gcgggcccat gttggcacag gtgcctgecte 10920
acccaactgg tttccattge tcectaggctte tgcactegte tggaagctga gggtggtggg 10980
gagggcagac atggcccaag aagggctgtg aatgactgga ggcagcttgce tgaatgactce 11040
cttggctgaa ggaggagctt gggtgggatc agacaccatg tggcggcectce ccttcatctg 11100
gtggaagtgc cctggctcect cacggaggtg gggcctcectgg aggggagcecce cctattcegg 11160
cccaacccat ggcacccaca gaggcectcect tgcagggcag cctcettecte tgggteggag 11220
gctgtggtgg gecctgecct gggecctetg gecaccageg gectggectg gggacaccge 11280
ctcecgggett agectcccat cacaccctac tttagcccac cttggtggaa gggcctggac 11340
atgagccttg cacggggaga aggtggcccce tgattgccat ccccagcagg tgaagagtca 11400
aggcgtgectce cgatgggggc aacagcagtt gggtccctgt ggectgagac tcaccettgt 11460
ctcccagaga cacagcattg ccccttatgg cagectcectee ctgcactcte tgccegtetg 11520
tgccegecte ttectgecgge aggtgtecta gccagtgetg cctetttecg cegectetcete 11580
tgtcttttge tgtagcgcte ggatccttec agggcctggg ggctgaccgg ctgggtgggg 11640
gtgcagctge ggacatgtta gggggtgttg catggtgatt ttttttctcect ctetetgetg 11700
atgctctage ttagatgtcect ttecttttge ctttttgcag tcccetgtggg ccttgetcag 11760
agcggagaaa gcatttgttt gtacaagatc cgcagacgtg taaatgttcc tgcaaaaaca 11820
cagactcgeg ttgcaaggcg aggcagcttg agttaaacga acgtacttge aggttggtte 11880
ccagagggca agcaagtcag agaggggcat cacacagaga tggggagaga gagagagaaa 11940
gagagtgagc gagcgagcga gcgggagagce gcctgagagg ggccagctgce ttgcetcagtt 12000
tctagetgee tgcctggtga ctgctgectt ctectgctttt aaggcccctg tggtgggctg 12060
caggcactgg tccagcctgg cggggectgt tceccgaggttg cecctggttge ctgagtggta 12120
ggctggtgtyg gcttagtgta gtggtgtgga cgcaagctgt gtgttgtgtce ctgtggtect 12180
tctgctcata gtggectgttyg gtecctgatgt tattactacce tctggtagta atgctgagaa 12240
gctgaaagec gattccaggt gtggacaatg tcaacaaagc acagatgctce tcgetgggge 12300
cttgcctegg cectttgaag tetgcatgge tgggcttete actcactcag tgtttettge 12360
tgggggaagg aattgagtct cccacttcag actgggccte cctgaggaaa gggttgtgte 12420
tcecccactca gactgaggtt ccctgagggt agggctgtgt ctceteccccte cgacctggge 12480
tcectgatag ggctgtctece cegctcagac tgaggctcecce tcaggccagg gctatgtcte 12540
cctectcecaga ctggggctet gagggcaagg ggtctggetg ttegtttagg atggggcact 12600
tttgcctaca cactgaagga gctgtagcat ccaagaatac tagatacctt taatcctcca 12660
ccagtcatgg tgacaacccc aagcagccca cacattttca agtgccccca ggatgegtgg 12720
agggaggggt ctgtgcccat tcetcectgaca ttagectgtg agctccgtaa geccgggect 12780
cgtttacgta cctttgtgag ccccgggcat ctgtacctet ttectttgece catactgggg 12840
accaaggaag tgtcaagtgc atgagtgaat gtgtgactca gttcagaggg tgaggtcagg 12900
agcacagggt cgggacaggt ggctggcatc ttttaatgce ttagcttatg ttctttatac 12960
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caacttggcce tgtgctcaga gtgagggagg ccctgggggt cagggtaagce gtcagtcagg 13020
gaggcaagac tttgtgggga tttcecctagac agggccaagg cacccccagce tcaccccgag 13080
gctgtgttag ggaagtcctt ggagtgtctce ceccteccccca gcaatgttcet tgtggettgt 13140
gtgtgctcag gggatgctgg gaaccaggcce tgggtagttg gtgtggggtg ctgtectgtet 13200
tggccctatg tgaaaccaag agggcgtata ttagtgctgg ggtgggggct ctgcctaact 13260
tcagggctgg atgaggggag tctcagttcece ccaggggtce ttgggaaaga taagggactt 13320
gacattttag ggtttttagg tgattattct gctgatgggg gtttgtgtga agtgacctgg 13380
gagctaactg aagttactct aacctcccaa tacctttacc caacccccaa gctggctgta 13440
tctgggaata tcagtttcca aaattggagg cttaggactce cgtttecgggg ctccceccagaa 13500
gggtagggcc tgttctgcect ccttetcaca atcacccagg ggcaggggca tgctgagaaa 13560
gttcttggag gccccectttg cttecagetgg agtagtgaag ccgccgaatt gtetcectceccecce 13620
atcctaagtg aagcagcata tttgaaagga aagacaacct gttacctggg cctgcaacct 13680
ccaggcagct caagagagat gaggcctaca gccacagtgg gaggggacat ggggaatgga 13740
gatggtcect caccttectg gggectectg ctctacgcta ccececteggg agectectgt 13800
cceccagggca ggceccttgee attgttggte accecggccaa gectectcetge ctcaggegtt 13860
ctcccagaag atctgcccac tetctteccee acaccagece ctagagactg aactgaaaac 13920
cctectecage agggagccte ttcectgattaa cttcatccag ctetggtcac ccatcagecte 13980
ttaaaatgtc aagtggggac tgttctttgg tatccgttca tttgttgctt tgtaaagtgt 14040
tceccatgtee ttgtecttgte tcaagtagat tgcaagctca ggagggtaga ctgggagcce 14100
ctgagtggag ctgctgctca ggccggggct ccctgaggge agggctgggg ctgttcetcat 14160
actggggctt tctgccccag gaccacacct tcctgtecte tectgectcetta tggtgecgga 14220
ggctgcagtyg acccaggggce ccccaggaat ggggaggcceg cctgcectcat cgcecaggect 14280
cctcacttgg cecctaaccece agectttgtt ttceccatttee ctcagatgtg acaageccgag 14340
gcggtgagec gggcaggagg aaggagcectce cctcagggtt tcecgggaacca gatctctcac 14400
caggaaagac tgatacagaa cgatcgatac agaaaccacg ctgccgccac cacaccatca 14460
ccatcgacag aacagtcctt aatccagaaa cctgaaatga aggaagagga gactctgcge 14520
agagcacttt gggtccggag ggcgagactc cggcggaagce attccecgggce gggtgaccca 14580
gcacggteece tcecttggaatt ggattcgcca ttttattttt cttgctgcta aatcaccgag 14640
ccecggaagat tagagagttt tatttetggg attcctgtag acacacccac ccacatacat 14700
acatttatat atatatatat tatatatata taaaaataaa tatctctatt ttatatatat 14760
aaaatatata tattcttttt ttaaattaac agtgctaatg ttattggtgt cttcactgga 14820
tgtatttgac tgctgtggac ttgagttggg aggggaatgt tcccactcag atcctgacag 14880
ggaagaggag gagatgagag actctggcat gatctttttt ttgtcccact tggtggggcce 14940
agggtcecctcet cccctgcecca ggaatgtgca aggccagggce atgggggcaa atatgaccca 15000
gttttgggaa caccgacaaa cccagccctg gegctgagec tctcectacccece aggtcagacg 15060
gacagaaaga cagatcacag gtacagggat gaggacaccg gctctgacca ggagtttggg 15120
gagcttcagg acattgctgt gctttgggga ttccctceccac atgectgcacg cgcatctcege 15180
cceccaggggce actgectgga agattcagga gcecctgggegg ccttegetta ctcectcacctg 15240
cttctgagtt gcccaggaga ccactggcag atgtcccgge gaagagaaga gacacattgt 15300
tggaagaagc agcccatgac agctcccctt cctgggacte gecctcatce tettectget 15360
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ccecttectyg gggtgcagee taaaaggacce tatgtcctca caccattgaa accactagtt 15420
ctgtcceccece aggagacctg gttgtgtgtg tgtgagtggt tgaccttcect ccatcccctg 15480
gtcectteect teectteccg aggcacagag agacagggca ggatccacgt gcccattgtg 15540
gaggcagaga aaagagaaag tgttttatat acggtactta tttaatatcc ctttttaatt 15600
agaaattaaa acagttaatt taattaaaga gtagggtttt ttttcagtat tcttggttaa 15660
tatttaattt caactattta tgagatgtat cttttgctct ctcttgctect cttatttgta 15720
ccggtttttg tatataaaat tcatgtttcce aatctctecte teccectgatcg gtgacagtca 15780
ctagcttatc ttgaacagat atttaatttt gctaacactc agctctgccce tccccgatcece 15840
cctggetece cagcacacat tcectttgaaa taaggtttca atatacatct acatactata 15900
tatatatttg gcaacttgta tttgtgtgta tatatatata tatatgttta tgtatatatg 15960
tgattctgat aaaatagaca ttgctattct gttttttata tgtaaaaaca aaacaagaaa 16020
aaatagagaa ttctacatac taaatctctc tcctttttta attttaatat ttgttatcat 16080
ttatttattg gtgctactgt ttatccgtaa taattgtggg gaaaagatat taacatcacg 16140
tctttgtete tagtgcagtt tttcgagata ttccgtagta catatttatt tttaaacaac 16200
gacaaagaaa tacagatata tcttaaaaaa aaaaaagcat tttgtattaa agaatttaat 16260
tctgatctca a 16271
30

What is claimed is:

1. A synthetic, modified oligonucleotide of 15 to 30 nucle-
otides in length comprising at least one modification wherein
the modification comprises at least one internucleotide link-
age of alkylphosphonate, phosphorothioate, phospho-
rodithioate, alkylphosphonothioate, phosphoramidate, car-
bamate, carbonate, phosphate triester, acetamidate,
carboxymethyl ester, or combinations thereof, wherein said
oligonucleotide is an antisense compound which specifically
hybridizes and is at least 90% complementary to a human
natural antisense polynucleotide of a Vascular Endothial
Growth Factor gene and upregulates expression and/or func-
tion of said Vascular Endothelial Growth Factor (VEGF) gene
in vivo or in vitro as compared to a control.

2. The oligonucleotide of claim 1, wherein the at least one
modification comprises a combination of phosphorothioate
internucleotide linkages and at least one intemucleotide link-
age selected from the group consisting of: alkylphosphonate,
phosphorodithioate, alkylphosphonothioate, phosphorami-
date, carbamate, carbonate, phosphate triester, acetamidate,
carboxymethyl ester, and/or combinations thereof.

3. Theoligonucleotide of claim 1, wherein said oligonucle-
otide comprises at least one phosphorothioate internucleotide
linkage.

4. The oligonucleotide of claim 1, wherein said oligonucle-
otide comprising a backbone of phosphorothioate internucle-
otide linkages.

5. The oligonucleotide of claim 1, wherein the oligonucle-
otide optionally comprises at least one modified nucleotide
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comprising, peptide nucleic acids, locked nucleic acid (LNA)
molecules, analogues, derivatives and/or combinations
thereof.

6. The oligonucleotide of claim 1, wherein the oligonucle-
otide comprises a modified sugar moiety comprising a 2'-O-
methoxyethyl modified sugar moiety, a 2'-methoxy modified
sugar moiety, a 2'-O-alkyl modified sugar moiety, or a bicy-
clic sugar moiety.

7. The oligonucleotide of claim 1, wherein the oligonucle-
otides comprise the sequences set forth as SEQ ID NOS: 4 to
9.

8. A composition comprising one or more oligonucleotides
according to claim 1 and a pharmaceutically acceptable
excipient.

9. The composition of claim 8, wherein the oligonucle-
otides comprise a nucleotide sequence identity of at least
about 90% as compared to any one of the nucleotide
sequences set forth as SEQ ID NOS: 4 to 9.

10. The composition of claim 8, wherein the oligonucle-
otides comprise nucleotide sequences set forth as SEQ ID
NOS: 410 9.

11. The composition of claim 10, wherein the oligonucle-
otides set forth as SEQ ID NOS: 4 to 9 comprise one or more
modified or substituted nucleotides.

12. The composition of claim 8, wherein the modified
nucleotides comprise modified bases comprising phosphor-
thiorate, methylphosphonate, peptide nucleic acids, locked
nucleic acid (LNA) molecules.
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